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ADVANTAGES OF WESTINGHOUSE COBALT 60 


Increased percentage depth dose . . . reduced 
bone absorption . . . minimal skin reaction 


Cobalt 60 offers these three advantages at a relatively small increase in cost over conven- 
tional 250-300 KV X-ray. And the Westinghouse Cobalt 60 Stand permits precise posi- 
tioning and exact duplication of treatment techniques. 


In addition, the exclusive dial-a-cone turret allows you to select any one of seven field sizes 
with no lifting or removal of cones. Exclusive Beam Shaping Device, accessory attachment 
to Westinghouse Cobalt units, provides tailor-made treatment fields. Any special shape 
or field size up to 20 x 20 cm can be realized in minutes. 


Westinghouse Cobalt 60 equipment represents years of research and development and 
offers the ultimate for flexible therapy. For more information, please contact your Westing- 
house representative or write Westinghouse Electric Corporation, X-ray Department, 
2519 Wilkens Avenue, Baltimore 3, Maryland. You can be sure . . . if it’s Westinghouse. 
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ILFORD Red Seal X-ray Film is Still Consistent in 


Contrast Here is an extremely high-speed film, designed to complement the 
higher KV capacity of modern X-ray equipment. Ilford Red Seal pro- 
vides the strong film contrast so necessary in the interpretation of 
high voltage radiographs. 

“Washed out” radiographs are an unnecessary handicap to technician 
and radiologist alike. Red Seal is always consistent in contrast, in 
definition and in detail—even up to 150 KV! 

This superior product is supplied in Ilford's exclusive package of 3 units 
of 25 films each, fully interleaved for maximum film protection. 


ILFORD ING. 37 WEST 65th STREET, NEW YORK 23, N.Y. 


IN CANADA: CANADIAN DISTRIBUTORS FOR ILFORD LIMITED, LONDON: W. E. BOOTH CO., LTD., 12 MERCER ST., TORONTO 2B 
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At the threshold of the fifth decade of a The name of Eugene Caldwell, in a way, has 
brilliant series of annual lectures given in become a symbol of their zeal, perseverance 
memory of Doctor Eugene Caldwell, it is with and faith. 

a sense of deep humility and understandable | am profoundly grateful to Dr. Reineke for 
timidity that I rise to give the fortieth lecture. the honor of having been chosen to give this 

Dr. Caldwell died a martyr in 1918, at the fortieth lecture. I am also indebted to Dr. 
time wken the precisely regulated incandes- Reineke for accepting my topic of this evening, 
cence of the tungsten cathode of a therapeutic for, in view of the rapidly expanding interest in 
roentger ray tube became a reality, Although radiation therapy, this affords me the oppor- 
his consributions were greatest to diagnostic tunity for some heuristic glimpses into its 
radiology, he also devised in 1902 a treatment evolution, from the era of the "cranky" apple- 
tube for insertion into body cavities and con- green gas tubes to the present era of modern 
tinued t» maintain a keen interest in the devel- equipment and precision technology. 
opment and improvement of other types of ETE . “ 
tubes applicable to therapeutic radiology. As an EURISTIC,” serving to find out, 
electrica: engineer and physicist at the begin. . À has become an expression for a 
ning anc as a physician later, he was a tech- method of investigation that aids in the 
nical peafectionist, a great creative genius, and discovery or interpretation of facts and 
above. al an inspirational idealist. In severe truths ever since the Greek philosopher, 
self-criticism he said of himself: "One must Archimedes, exclaimed, “Eureka!” in his 
necessary make statements which are more or elatjon at discovering the now universally 
less dogriatic and in which the ‘personal equa- = 
tion’ is an important factor.’ Personal equa- 
tions ar- attributes of true pioneers who in 


known Archimedean principle. The com- 
paratively young science of radiology and 
their never flagging zeal leave indelible im- more particularly the science of radiation 
pressione upon their successors. The American therapy has, as no other branch of medi- 
Roentgea Ray Society has a long list of daunt- — Cine, encountered formidable difficulties in 
less pioneers, many of whom became martyrs. tts slow rhythmic evolution. The necessity 

* Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
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of relying on rays, whether they be vibra- 
tory or particulate, which cannot be seen by 
the naked eye, the extremely complex ways 
by which these rays are produced, meas- 
ured physically and assayed in their bio- 
logic action, and the determination of their 
true place among other, considerably older, 
treatment methods constituted problems 
which could be approached only in the light 
of contemporary technical and medical 
achievements. Some of these problems have 
been successfully solved, others—still too 
perplexing—continue to form a tempting 
challenge to the inquiring mind. Such a 
problem is a studv of the salient phases 
influencing most profoundly the develop- 
ment of radiation therapy and thereby 
establishing its usefulness in the treatment 
of the large group of gynecologic cancers. 
Heuristic glimpses into the discoveries of 
the time may help in properly interpreting 
the facts resulting from these discoveries. 

As was to be expected, in the beginning, 
soon after the discovery in 1895 by Róntgen 
of the "invisible ray" which was to illumi- 
nate the medical world, treatment with this 
new kind of ray was acclaimed with en- 
thusiasm. The memorable discoveries which 
Finsen made with ultraviolet ravs at the 
turn of the century had a marked effect also 
on radiation therapy especially in the der- 
matologic field, where it was first applied. 
Since it was necessary that the Finsen 
ultraviolet ravs produce, for therapeutic 
effect, "a reaction which may vary in de- 
gree from an erythema to a vesicular or 
bullous dermatitis," it was assumed that a 
similar reaction ought to be produced by 
roentgen rays. The importance of this reac- 
tion, which was variously called CD 
inflammation" or "x-ray burn," was em- 
phasized by practically all the radiothera- 
pists at that time. To quote Rinehart 2627 
"The method emploved was to cover the 
healthy skin with thin sheet lead, and to 
expose the soreor part to be treated for five 
minutes at 8 inches the first day, increasing 
the time of exposure and shortening the 
distance each dav until a decided inflam- 
matory reaction was obtained, a low 
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vacuum tube giving a soft green light being 
used. I have been unable to obtain any 
benefit in anv case of the kind without an 
inflammatory reaction." The voltage range 
which usually was expressed in spark-gap 
distance was low, varying from so to roo 
kv. Because of the lack of penetration of the 
roentgen rays and the fact that thev were 
used for treatment of lesions lying on the 
surface or near the surface of the skin, the 
term "superficial roentgen therapy" was 
later coined for this form of treatment. By 
1904, it had found such widespread use that 
Professor Brocq of the Hópital Broca of 
Paris, in a preface to J. Belot's treatise on 
Kadtotherapy, wrote: "Radiology was born 
but vesterday; it has already made enor- 
mous strides. To-day it may be said to 
dominate the therapeutics of dermatol- 
ogy.” 

Although the risk of a “deep burn in hope 
of quickly destroying the tumour” was 
justifiable in the treatment of skin cancer 
and other malignant neoplasms, the pro- 
duction of “x-ray inflammation” for the 
treatment of many benign conditions, to- 
gether with the vagaries of the machines 
used, led to some unexpected and often 
disastrous results. Thus, the period of 
great enthusiasm was followed by a period 
of even greater pessimism. To quote Mac 
Kee: “The failure to substantiate the 
early therapeutic results, the injurious 
effects observed as time went on, and the 
fact that there was no satisfactory method 
of estimating or of controlling the quantity 
and quality of radiation administered 
resulted in a period of depression or pessi- 
mism which endured from about 1906 to 
about 1912.” A perusal of the literature 
during this period is replete with recitals of 
cases of "severe x-ray burns” and “a few 
deaths" and A. R. Robinson? in the Octo- 
ber 6, 1906 issue of the British Medical 
Journal made the statement: “The roent- 
gen rays have been far too widely em- 
ployed, almost justifying their designation 
as race suicide machines.” 

In 1910, Kassabian! wrote: “With the 
employment of the roentgen rays for thera- 
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peutic purposes, burns have now become a 
common accident. In several instances suits 
were brought against physicians on the 
ground that they did not use the necessary 
means of protection; in most of these cases 
the severe character of the diseases de- 
manded so severe a treatment that burning 
had to be contended with.” Dr. Kassabian 
in the very same year became himself a 
martyr to roentgen injuries due to this lack 
of protection. His list of physicians who 
were sued contained some of the prominent 
names of the time both from this country 
and Europe. 

During this most discouraging phase in 
the evolution of radiation therapy, Dr. 
Hickey,” Founder and first Editor of this 
JourNAL, journeyed to New York to per- 
sonally witness a preliminary demonstra- 
tion given Saturday evening, December 27, 
1913, at the Hotel St. Denis of a new form 
of roentgen tube, invented by Dr. Coolidge* 
of Schenectady, honorary member of this 
Society. In an inspired editorial, Dr. 
Hickey immediately announced this epoch- 
making event to the world with the state- 
ment: “This contribution to roentgenology 
is, in the words of Prof. Shearer of Cornell 
University, the most important which 
American genius has ever offered." At the 
time of demonstration, the therapeutic 
value of the tube was wholly untried, but 
Dr. Hickey conjectured that “owing to the 
extreme exhaustion, penetrating rays of the 
therapeutic value of the gamma rays of 
radium may be produced. This, of course, 
opens up the most wonderful new possibili- 
ties for treatment.” 

The progress that followed was swift. 
The development of a suitable high voltage 
energizing source for operation of the new 
tube, continuous improvements in design of 
its electron emissivity, the introduction of 
autotransformer control of the primary 
voltage and proper rectification of the sec- 
ondary voltage paved the wav, as clinical 
therapy moved forward in great strides.?: 
Superficial roentgen therapy (50-130 kv.) 
at once emerged from its era of pessimism, 
and since 1914, to again quote Mac Kee? 
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has "stood the test of time," thus in- 
augurating a period of “realism” medium 
roentgen therapy (130-170 kv.) was laid 
on à sounder foundation. 

This swift progress provided the Amer- 
ican Expeditionary Forces in World War I 
with the best equipment up to that time!’ 
and it was the good fortune of my distin- 
guished mentor of this evening, young 
Captain Lawrence Reynolds, to be the re- 
cipient at the American Ambulance Hos- 
pital No. 1, later called the American 
Military Hospital No. 1, of the first Coo- 
lidge tube overseas. This tube was pre- 
sented for inspection to General Pershing 
himself on his visit to the hospital. 

It may be said that the introduction of 
the Coolidge tube has revolutionized ther- 
apeutic radiology. Its range was rapidly 
extended to 200 kv., establishing in the 
early 1920's the solid basis of deep roen tgen 
therapy or, as we now prefer to call it fol- 
lowing the suggestion of Dr. Garland, 
orthovoltage roentgen therapv. This form 
of treatment gave such impetus to the 
clinical application of radiation that during 
the subsequent decade, which was to be- 
come so fertile scientifically, most notable 
contributions were made not only to tech- 
nical development but also to our knowl- 
edge of the action of radiation on normal 
and pathologic tissues. The more penetrat- 
ing roentgen rays could now reach any 
depth of the body, thus enabling careful 
biologic, physiopathologic and histopatho- 
logic observations. These contributions 
were further enhanced by similar observa- 
tions made with the even more penetrating 
gamma rays of radium, which during this 
decade also began to find gradually in- 
creasing clinical applicability. 

The first orthovoltage roentgen therapy 
unit at Harper Hospital was installed in 
1921. Since, to cite Dr. James Case; “We 
have not yet reached the stage of provid- 
ing proper protection against the higher 
voltage tubes,” a fact which earlier had led 
to such disastrous results with the lower 
voltage tubes, the preliminary efforts were 
directed to construction of devices for pro- 
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tection from both electrical and radiation 
hazard-. Another disturbing element was 
the ve v low output of the original air- 
cooled zubes necessitating very long treat- 
ment ames. Mr. Clifford Sherratt, elec- 


trical engineer and pioneer designer of 


high voltage radiation protection, hon- 
orary member of this Society, aided im- 
measurably in solving these contemporary 
problems so that at the beginning of 1922 
routine clinical therapy was made possible. 

The first unit had two air-cooled tubes 
which vere housed in suspended self-con- 
tained ead drums and energized by a single 
transformer, enabling treatment of two 
patients simultaneously (Fig. 1, .7, B and 
C). In che second unit the two tubes were 
housed in lead boxes and used for the 
treatment of the same patient through two 
opposite ports simultaneously; one box was 
placed beneath the treatment table and 
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the other was suspended above it, with a 
flexible up and down movaole arrange- 
ment (Fig. 2, Æ and B). For the third unit, 
a water-cooled tube with a much higher 
output which had become available was 
utilized and from this time on only one 
tube was energized by each transformer. 
The orginal lead drum was oisected and 
its upper half was replaced by a lead 
cubicle, which contained firs: the water- 
cooling and later the oil-cooling device of 
the tube (Fig. 3). One single patient was 
treated by each unit, the tube being fixed 
and the treatment table beinz moved up 
and down for the desired skia target dis- 
tance. Orthovoltage units of this type were 
employed very successfully uatil recently 
when they were replaced by flexible shock- 
proof and radiation-proof apoaratus pro- 
vided with the del Regato mirror localizer 
and an aperture with a platferm arrange- 





Fic. >. First orthovoltage unit installed at 
Harper Hospital in 1921. (4) Photo- 
graph of the treatment room. A single 
traasformer energized two —iir-cooled 
tubes which were housed in suspended 
self contained lead drums, enabling 
treatment of 2 patients simultaneous! v. 
(B> Floor plan showing the layout of the 
unit. (C) Diagram of the lead drum. 
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Fic. 2, Second orthovoltage unit. (Zand B) The two 
air-cooled tubes were housed in individual lead 
boxes, one box being placed beneath the treatment 
tableYand the other suspended above it with a 
flexible up and down movable arrangement. This 
unit permitted treatment of a patient through two 
opposing ports simultaneously. 


ment for geometric or anatomic outlining 
of the treatment fields. 

As a result of promising experimental 
work bv a few investigators at the thresh- 
old of the 1930’s, a supervoltage roentgen 
therapy unit was added in 1931 and pa- 
tients were treated by it starting in 1932. 
Briefly, the unit consisted of six 150 kv. 
constant potential cascaded transformers 
(Fig. 4) and a Lauritsen tvpe unisectional 
tube with grounded anode.” This unit 
also underwent several modifications. In- 
itially, two interchangeable heads were 
used, one of steel with a thin tungsten disk 
target and another of brass with a some- 
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Fic. 3. Third orthovoltage unit. When a water- 
cooled tube with a much higher output became 
available, the lead drums of Figure 1 were bi. 
sected and their upper halves were replaced by 
lead cubicles which contained the water-cooling 
and later the oil-cooling system. The treatment 
table was moved up and down for the desired skin 
target distance, wooden blocks of various thick- 
nesses being used for this purpose. 


what thicker gold disk target. During this 
period only one patient was treated at a 
time. Then a change was made to a “trans- 
parent" lead target (Fig. z, 7, B and C), 
the filament current. was improved, and 
the controlling rod was insulated more 
firmly (Fig. 6). Since the transparent tar- 
get was at a 45° angle, this permitted, with 





Fic. 4. First supervoltage unit installed at Harper 
Hospital in 1931. The energizing source consisted 
of six 150 kv. constant potential cascaded trans. 
formers. 


Wie. s. Later improvement of the supervoltage unit. 


(4) Diagram of the unit. 
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(B) Room of the generating 


cee containing the six constant potential eee transformers and the porcelain body of the Lauritsen 
type uncsectional tube. (C) Lead-protected treatment room with a periscope window for observation and 


a loud 
treatment of 2 patients simultaneously. 
vestigative purpeses. 





a slight filter correction, an equal output 
for two opposite fields. Thus 2 patients 
could be treated simultaneously, one in an 
upper berth with a fixed skin target dis- 
tance and the other on a lower mobile 
table wth a more flexible arrangement. 
Provision was also made for a third (axial) 
field whizh could be used at the same time 
for investigative purposes. 

This enit was operated at 500-600 kv. 
constant potential, with 7 mm. Cu equiv- 
alent filtration, 
value lacer of g mm. Cu. The output was 
20 r/min. at so cm. and the skin target dis- 
tance of the mobile table could be varied 
between so and 7o cm. The protection 
which was designed" byf Mr. Sherratt was 
foolproof and the patients were observed 
during treatment by a built-in periscope. 








corresponding to a half 


qeaker for communication. The transparent lead target of the anode grounded tube permitted 
A third (axial) portal could be used at the same time for in- 


The unit was employed successfully for a 
quarter of a century. It was replaced four 
years mev. Van de Graaff ap- 
paratus and the periscope for Oene 
the patients was substituted bv a closed ci: 
cuit television system. 

Of course, there are other types of ap- 
paratus, such as the betatron, the syn- 
chrotron, and the linear accelerator, and 
some teletherapy units with radioactive 
sources as Co and more recently Cs! 
which notably augment the spheres of 
radiation therapy, but their consideration 
transcends the scope of our discussion this 
evening. 

With the equipment available at Harper 
Hospital, an impressive number of dis- 
eases has been treated since the first 
orthovoltage unit was installed. The gyne- 
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Vic. 6. Still later improvement of the supervoltage 
unit siowing porcelain insulation of the filament 
supply generator, 


cologic cancers represent a group in which 
radiation therapy, more than in any other 
group, was used extensivelv from the be. 
ginning. The series upon which this study 
Is based includes 3,204 cases treated from 
1922 to 1954, of which £92 cases were 
malignant neoplasms of the ovary, 2,059 
cases were carcinoma of the cervix uteri 
and §§3 cases were carcinoma of the en- 
dometrium. For a comparable evaluation 
of the results obtained with the various 
radiation modalities or their combinations 
with surgical methods, the five vear sur- 
vival rate is taken as the measuring vard- 
stick and patients who could not be fol- 
lowed-up were assumed to have died from 
cancer. From 1922 to 1931 roentgen ther- 
apy was carried out with orthovoltage rays, 
from 1932 to 1936 half of the patients were 
treatec. by orthovoltage and the other half 
by supervoltage rays and since 1937 super- 
voltage rays have been used exclusively in 
all patients. An important change was also 
made as regards the general policy for 
radium application. Prior to 1928 the prac- 
tice was to administer a dose which would 
produce little or no reaction on the sur- 
rounding normal structures, particularly 
those of the intestinal and urinary tracts. 
After 1928, the factitional reactions were 
considered to be unavoidable, and the ra- 
dium dose was considerably increased. 
Commensurate with this, the orthovoltage 
roentgen dose was also increased and, 
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finally, the full substitution of the super- 
voltage for the orthovoltage rays since 1937 
led to a rather standardized and fairly uni- 
form technique. 

In malignant neoplasms of the ovary, the 
majority of which were carcinomas, the 
generally accepted method of combining 
surgery with external roentgen therapy was 
used throughout the series. Often alterna- 
tion of surgery, consisting of removal of the 
primary neoplasm or of the larger recurrent 
or metastatic masses, and roentgen therapy 
was employed, particularly in tumors of 
lesser radiosensitivity. 

The treatment of malignant neoplasms 
of the ovary is fraught with two great dif- 
ficulties. First, the average case, because of 
absence or paucity of symptoms in the 
beginning, is diagnosed at a relatively late 
stage of disease after the dissemination has 
already taken place; secondly, the nature 
of the dissemination itself in the form of 
peritoneal implants or metastases to the 
regional lymph nodes is such that it entails 
special considerations in outlining the ir- 
radiation procedure. As is well known, the 
regional sphere of the ovary, even before 
the malignant neoplasm has broken 
through the ovarian capsule and produced 
peritoneal implants, is in the para-aortic 
area. The lymph channels originating in the 
ovary follow the course of the ovarian 
artery and lead to the upper lymph nodes 
of the para-aortic group. This means that 
in the majority of cases radiation therapy, 
to be effective, must include the upper 
abdomen in addition to the pelvis and 
lower abdomen. Since some irradiation of 
the kidneys cannot be avoided, the possible 
late effect produced on this organ must be 
weighed against the biologic longevity of 
the malignant neoplasm, which is a serious 
limiting factor. The presence of ascites, 
which accompanies dissemination both to 
the peritoneum and the high para-aortic 
lymph nodes in a high percentage of cases, 
is another serious limiting factor. 

The problem of what program to follow 
is hard to solve. We generally made use of 
a plan according to which the more radio- 
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sensitive neoplasms received the largest 
doses wossible in a relatively short time, 
whereas tumors of the adult type were 
irradia-ed with several less intensive frac- 
tionated courses over longer periods and 
were alternated with surgery. In not a few 
cases a prolongation of life bevond the five 
vear period was obtained after as many as 
3 to 4 operations followed by even more 
courses of radiation therapy. 

The five vear survivals in the 592 cases, 
arranged quinquennially, are given in Table 

As may be seen, some improvement was 
Mined throushout the vears, the over-all 
results rising from 18 to 31 per cent. How- 
ever, she contribution of supervoltage 
radiatien therapy which was used routinely 
after 1937 was rather disappointing. This 


series does not as vet reflect the effect of 


the useof instillation of various radioactive 
substances or chemical agents into the 
peritoneal cavity butitalready appears that 
the over-all five year results will be little 
influenced with this new addition and that 
combired surgery and external radiation 
therapy will continue to remain the most 
acceptable method of treatment. 

Unlize the malignant neoplasms of the 
ovary, carcinoma of the cervix uteri was 
the sutject of most intense and controver- 
sial discussions for nearly half a century in 
respect to the type, extent and radicalism 
of the many procedures periodically recom- 
mended for its treatment. Of these, the 
various irradiation. methods occupied a 
place ro less conspicuous than the multi- 
tude o^ surgical techniques, and the ap- 
praisal of their relative merits became a 
dificul: 
cases with a heuristic glimpse into the 
salient chronologic phases of the evolution 
of trea-ment may aid in elucidating some 
aspects of the complex problem. 

While caustic agents and various forms 
of causerizations have been used for the 
treatment of carcinoma of the cervix uteri 
from time immemorial, its complete eradi- 
cation has been attempted only since the 
development of surgery. The zenith of the 
surgical) phase was reached during the 


task. A review of a large series of 
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Tasre | 
MALIGNANT NEOPLASMS OF @VARY 
FIVE YEAR SURVIVALS 
1922-198 ^ 






Period Cases; Susvivals Per Cent 


1922-26 18 
1927-31 rs 
1932-36 16 
1937741 24 
1942-460 2 
1947-51 


1952- S4 





Total Cases Treated: ¢g2. 


second decade of the present century with 
the very radical Wertheim cperation. It 
soon was realized, however, that, because 
of the great operative mortality, the high 
incidence of postoperative sequelae and the 
disappeinting over-all five vear survival 
results, a different approach to the prob- 
lem was desirable. In 1915 radium therapy 
made its appearance and in the early 1920's 
it was complemented by orthovoltage 
roentgen therapy utilizing 2c0 kv. After 
another decade, and especially following 
the introduction of supervoltage roentgen 
therapy, irradiation with a combination of 
radium and roentgen rays became the pre- 
dominant method, completely replacing sur- 
gery. At the height of this radiation phase, 
Dr. Kamperman,” Chief of the Department 
of Obstetrics and Gynecology at Harper 
Hospital, wrote in 1941, “There is now 
sufficient collected evidence to warrant the 
statement that the greatest of advances in 
the treatment of cervical carcinoma was 
made when the gynecologist relinquished 
the surzical treatment for radiation ther- 
apy." 

Within a few years, however, notable 
contributions from Taussig,”  Meigs,*?! 
Brunschwig?^* and others were published 
with the purpose of reviving and expanding 
the radical surgical procedures used either 
alone or in combination with various forms 
and sequences of radiation therapy. This 
aim stemmed mainly from three facts: first, 
in a certain number of cases radiation 
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therapy failed to bring about the desired 
results; secondly, the reactions which 
followed particularly the irradiation of the 
more resistant types of lesions were con- 
sidered to be too severe; and thirdly, and 
most important of all, the tremendous devel- 
opment in the surgical techniques made 
possible the use of very extensive, com- 
mando type operations with complete 
safety to the patient. Although great em- 
phasis was placed on the institutional in- 
vestigative nature of these formidable pro- 
cedures and the necessity of specially equip- 
ped teams to carry them out, the impact 
on the generally accepted treatment 
methods of the time could not be avoided, 
thus inaugurating the reintroduction of the 
surgical phase in the treatment of carci- 
noma of the cervix uteri. 

The series of 2,059 cases of carcinoma of 
the cervix uteri treated at Harper Hospital 
from 1922 to 1954 by various methods 
reflects with fairly realistic fidelity the 
trends of the times. Of these, 1,958 were 
cases of carcinomas originating in the cervix 

‘of an intact uterus, and 1or were cases of 
primary carcinomas of the cervical stump 
in which a hysterectomy had been per- 
formed years previously for a benign con- 
dition. Radiation therapy, with intracavi- 
tary radium and external roentgen rays, 
was employed most frequently but a sig- 
nificant number of cases also had surgical 
procedures in various combinations. In the 
entire series the following four methods 
were used: (A) preoperative irradiation 
with external roentgen rays and intracavi- 
tary radium, followed within six to eight 
weeks by surgery and possible further 
irradiation; (B) radical surgery, followed by 
two to three courses, at eight to ten weeks 
from each other, of external roentgen ther- 
apy, complemented occasionally by intra- 
vaginal radium; (C) irradiation alone, con- 
sisting whenever possible of two courses of 
external roentgen therapy and intracavi- 
tary radium, at an interval of eight to ten 
weeks; and (D) irradiation alone in cases 
of recurrence after radical surgery. 

The over-all five year survivals for the 


JANUARY, 1961 


series, arranged quinquennially, are given 
in Table 11 which shows a continuous im- 
provement in the results obtained. For 
the eight year period from 1947 to 1954, 
the over-all five year survival rate was 
practically 50 per cent. 

For the purpose of studying the impact 
of the three aforementioned chronologic 
phases in the evolution of treatment, the 

1,958 cases of carcinoma of the cervix uteri 
proper were arranged in five sexennial and 
one triennial period as follows: I. 1922— 
1927; II. 1928-1933; HI. 1934-1939; IV. 
1940-1945; V. 1946-1951; and VI. 1952- 
1954. The tot cases of primary carcinoma 
of the cervical stump, which were treated 
by irradiation alone, will be considered 
separately. 

As may be noted from Table tm some 
patients already had been treated by a 
combination of preoperative irradiation 
and surgery (method A) during Period I; 
then the method was completely aban- 
doned. It was revived during Periods V and 
VI. The five year survival rates ranged from 
so per cent during Period I to 70 per cent 
during Period VI, the average for Periods 
V and VI being 60 per cent. Only Stage 1 
and u carcinomas were subjected to this 
type of combination, accounting for the 
increased survivals. Due, however, to the 
fact that they represented a small fraction 
of the total group, they had only a slight 
influence on the over-all results. A similar 
observation was made recently by Frick 
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CARCINOMA OF CERVIX UTERI 
FIVE YEAR SURVIVALS 











1922-1954 

Period Cases/Survivals Per Cent 
1922-26 236/36 15 
1927-31 196/38 20 
1932-36 267/81 30 
1937-41 | 288/106 31 
1942-46 420/187 40 
1947-51 435/212 49 
1952-54 217/115 50 


Total Cases Treated: 2,059. 


Var. 8c, No. 1 


et al^ who state that “The application of 
radicel surgical methods of treatment to 
primary surgical cancer has been associated 
with slight, but statistically not significant, 
improvement in the total cure rate." Rut- 
ledge and Fietcher,?? who studied the effect 
of combination of megavoltage (22 mev.) 
irradiation and radical lymphadenectomy 
in Stege 111 carcinomas of the cervix, like- 
wise express the opinion that “more inten- 
sive series and longer follow-up time will 
be necessary to determine whether there 
are ckanges in the salvage rate." Further- 
more, there is already some evidence ac- 
cumu ating that, because of the usual post- 
operative sequelae which cannot be avoided 
and tae marked increase in radiation fibro- 
sis associated not infrequently with forma- 
tion cf Iymphoceles, such combined treat- 
ment constitutes a radical procedure apt to 
be followed bv an increased number of 
late complications. For these reasons one 
may affirm. that, until full evaluation is 
obtained, the reintroduction of radical sur- 
gery ollowing irradiation will continue to 
remam purely an investigative method. 
The number of cases treated in our series 
by radical surgery and postoperative irra- 
diaticn (method B) was practically the same 
throughout the six periods (Table 1). As 
a rule, only the early cases were subjected 
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CARCINOMA OF CERVIX UTERI 
FIVE YEAR SURVIVALS WITH 
COMBINED METHOD 

1922-1954 














A 

Period Cases.’ rer Per 
Survivals GS Cent 

50 22/8 36 

o 17/11 bo 

o 21/10 50 

IV. 1e40745 so 33/16 50 
V. 1546-51 56 26/13 50 
VI. 1652-54 70 1 58 
Total Cases 57 so 








A. Preoperative irradiation, surgery. 
B. Surgery, postoperative irradiation. 
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CARCINOMA OF CERVIX UTERI 

FIVE YEAR SURVIVALS WITH IRRADIATION IN 
RECURRENCES AFTER RADICAL SURGERY 

1922-1954 


D 





Period Cases/Survivals Pee Ceny 
]. 1922-27 38/2 5 
H. 1928-33 9/0 o 
HL 1934739 8/o o 
IV. 1940-45 4/0 o 
V. 1940-51 9/2 22 
Vl. 1952-54 2/0 o 


Total Cases 70/4 6 
D. Sumery, recurrence, irradiation, 


to this combination of treatment. The five 
vear survival rate, excepting Period I, was 
so per cent or over. This contrasts sharply 
to the results obtained in recurrent cancers 
(method D) when the radiation therapy 
following radical surgery was prescribed 
only after the recurrent or metastatic 
lesions became manifest. As may be seen 
in Table iv, the largest number of such 
patients was treated during Period I when 
the surgical phase was still dominant. The 
results obtained were disastrous and con- 
tinuec to remain so during all subsequent 
periods in the greatly reduced number of 
cases in which it was used, the five year 
survival rate barely reaching 6 per cent. 

In compiling the results obtained by 
irradiation alone (method C), the relative 
results were tabulated in addition to the 
absolute results for comparison (Table v). 
The former group includes al patients who 
received at least two full courses of irradia- 
tion eight to ten weeks apart, as has been 
the standard procedure in cur institution 
since 1937. The latter group also comprises 
a certain number of patients who, for var- 
ious reasons, received only one full course 
of irradiation, others in whom even one 
course could not be completed and all those 
patients who were treated for distant dis- 
semination of the disease. Table v shows 
that, while the relative results obtained 
with the two course technique, excepting 
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Tage V 
CARCINOMA OF CERVIX UTERI 
FIVE YEAR SURVIVALS WITH 
IRRADIATION ALONE 





Relative 





Absolute 

Period BE pesce qe 
Cases/ Per 

Survivals Cent 


Cases’ — Per 
Survivals Cent 





I. 1922- 





12 - 
IT. 1928-33 21 
HE 1934-39 33 103/49 — 44 
IV, 1940-45 4127175 a2 315/157 50 
V. 1946-51 413195 — 47 340/17! 50 
VL 1951-54 51 131/71 54 


168 





"Total Cases Treated: 1,708. 
The relative group includes onlv cases which had 2 full (or 
several partial) courses of irradiation, eight to ten weeks apart. 


the first few vears, remained practically the 
same, the absolute results rose steadily and 
during Period VI approximated the rela- 
tive results. This table also shows that 
comparatively more patients were treated 
to the full extent from period to period, 
thus indicating a more favorable stage of 
the disease at the initiation of the irradia- 
tion. 

Analysis of the ratios of the cases treated 
by the three combined methods (A, B, 
and D) to each other and to the cases 
treated by irradiation alone (C) permits the 
following deductions (Table v1): 
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CARCINOMA OF CERVIX UTERI 
RATIO OF COMBINED METHOD CASES TO 
IRRADIATION CASES 

1922-1954 











Ratio 
A B C D 
l. ; 5.0: 
II. 3. 0.0: 
I. 1934-39 0.0: 
IV. 1940-45 Oo: 
V. 1946-61 6.1: 
VL 1952-54 5.8: 












A. Preoperative irradiation, surgery. 
B. Surgery, postoperative irradiation. 
C. Irradiation alone. 

D. Surgery, recurrence, irradiation, 
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(1) Preoperative irradiation followed bv 
radical surgery (method A), which was 
used to some extent initially, has been 
replaced by irradiation alone (method C); 
the combination was reintroduced in the 
mid-1940's but its scope is being restricted 
to more and more rigidly selected cases. 
The sexennial ratio to the cases treated by 
irradiation alone was £.0:100 in Period I, 
then it dropped to o and rose to 6.1:100 
in Period V and §.8:100 in Period VI. 

(2) Radical surgery followed by post- 
operative irradiation (method B) continued 
to be used in approximately the same pro- 
portion, particularly in the earlv cases. The 
sexennial ratios ranged from 6.3:100 in 
Period V to 10.1:100 in Period I. 

(3) Irradiation of recurrent carcinomas 
following radical surgery (metkod D) per- 
sistently yielded extremely poor results and 
therefore is now used very rarely. The high 
sexennial ratio of 19.3:100 in Period I 
gradually dropped to a low of 1.2:100 in 
Period VI. 

It may, therefore, be stated that in the 
treatment of carcinomas of the cervix uteri 
irradiation constitutes the major method. 
The optimal results are obtained by a com- 
prehensive combination of intracavitary 
radium or other radioactive substances and 
external irradiation with rcentgen or 
gamma rays. As reflected in this extensive 
series, all improvements in the over-all five 
year results throughout the vears have 
been contributed chiefly by some important 
advance in technologic development or by 
a more judicious selection of the modalities 
used for irradiation, The effect of reintro- 
duction of radical surgery upon the over- 
all results appears to be statistically small 
and needs further investigative evaluation. 

In studying the ror cases of primary 
carcinomas of the cervical stump in which 
a hysterectomy was performed years pre- 
viously for some benign condition, two 
interesting observations were made. (1) The 
introduction of an intravaginal radium 
technique protracted over seven days, as a 
complement to the external supervoltage 
roentgen therapy, more than doubled the 


survival results obtained. As shown in 
Table vri, whereas during the first three 
sexernial periods the five year survivals 
averaged 22 per cent, since 1940 they have 
risen to between $4 and $9 per cent for the 
three subsequent periods. (2) However, 
even more interesting and greatly surpris- 
ing is the fact that, as shown in Table vin, 
the ratio of incidence of primary carcinoma 
of the cervical stump to that of carcinoma 
of the cervix of an intact uterus rose from 
2.6:100 during Period I to 12.3: 100 during 
Period VI, or more than a five-fold increase. 
The patients in this group were referred 
for radiation therapy, which was used 

the sole method, on an average thirteen 


vears after hysterectomy, the range ex- 
tending from one year to fifty years. The 
increase in zhe ratio started after World 


War II and was marked during Periods V 
and VI. Apart from perhaps an effect of 
changing population in an industrial area, 
no explanation is available for this phe- 
nomenon. As far as could be determined not 
one of these patients had previous radiation 
therapy in any form for the benign con- 
dition for which the hysterectomy was per- 
formed. 

The heuristic approach assumes even a 
greater significance in the apprais: al of the 
optimal method of treatment in carcinoma 
of the endometrium, encompassing the 
lesions of the corpus and fundus uteri. The 
medical literature contains numerous no- 


table publications dealing with the use of 
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CARCINOMA OF CERVICAL STUMP 


FIVE YEAR SURVIVALS WITH IRRADIATION 
1922—- 1954 
Cased 


Per Cent 


Period 


Survivals 





2 Q 
3. 25 
3 29 
4 59 
5 54 
E $6 
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RATIO OF CARCINOMA OF CERVICAL STUMP TO 
CARCINOMA OF CERVIX 
1922-1954 


Cervical 








Period Stump i dd 5 Ratio 
m Cases 
Cases 
I. :922-27 a 267 2.6: 100 
H. :928-3 4 24C p.6:1oo 
HH. 5934739 5 M 2.11100 
IV. i940-45 17 451 3.81100 
V. 5946-21 43 475 9.11100 
VL 5962-54 23 194 12.3:100 
Tota! 


Cases: 101 1,958 


various techniques of radiaticn therapy and 

their possible combinations with surgical 
procedures to achieve the hignest statistical 
vield in the results obtained. In some of 
these publications preoperative irradiation, 
either in the form of intracavitary radium 
application alone or in association. with 
external radiation therapr, is recom 
mended; in others irradiation, usually in 
the form of external radiation therapy, 
is prescribed postoperativel; and still in 
others surgerv alone is used end irradiation 
is reserved for those instances in which 
recurrence or dissemination has occurred. 
'There is general agreement oa the fact that 
irradiation, as the sole method of treat- 
ment, should be undertaken onlv in the 
inoperable cases, mostly for *he purpose of 
palliation. 

In our series of 553 cases of carcinoma 
of the endometrium treated from 1924 to 
19:4 bv radiation therapy and surgery in 
iots combinations, three methods were 
used: (A) preoperative irradiation with 
intracavitary radium and external roent- 
gen rays, hysterectomy six to eight weeks 
later, and postoperative irradiation with 
external roentgen rays two to three weeks 
after the operation; (B) hysterectomy and 
2 or 3 courses of postoperative irradiation 
with external roentgen ravs, associated 
very rarely with intravaginal radium, at 
intervals of eight to ten wecks from each 
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other; and (C) irradiation alone in the in- 
operable cases. 

The physical factors of the irradiation, 
as in carcinoma of the cervix, conformed 
to the technical improvements of the time. 
Until 1924, when radiation therapy of 
carcinoma of the endometrium was started 
at Harper Hospital, surgery constituted the 
sole method of treatment. Radium was used 
occasionally on a trial and error basis, 
mostly in the inoperable and recurrent 
cases. The favorable impression gained in 
conjunction with carcinoma of the cervix, 
where deep roentgen therapy was started 
two years earlier, soon led to a fundamental 
change in this situation. First, the inoper- 
able cases of carcinoma of the endometrium 
were subjected to combined radium and 
roentgen therapy, then the operable cases, 
in which hysterectomy was performed, 
were irradiated postoperativelv with roent- 
gen rays. Initially, here too as in carcinoma 
of the cervix, the dosage with both agents 
was rather low so as to avoid any distress- 
ing side reaction. After a few years, how- 
ever, the fallacy of such a policy became 
evident and the dosage was raised con- 
siderablv. 

In 1928, Dr. Kamperman'*** conceived 
the plan of preoperative irradiation in 
carcinoma of the endometrium, consisting 
of a full course of intracavitary radium and 
external roentgen therapy. By placing ra- 
dium within the uterine cavity, it is pos- 
sible to achieve a more thorough irradia- 
tion of the entire pelvis than is the case 
with postoperative roentgen therapv alone, 
after the uterus has been removed. There 
are two other reasons why such a proce- 
dure appears more advantageous. First, it 
provides a technique for performance of 
dilatation and curettage and insertion of 
intrauterine radium at the same time. If 
the microscopic examination of the curet- 
tings indicates the presence of a functional 
or polypoid endometrium, the radium dose 
is adjusted to produce exovulation, with- 
out supplemental roentgen therapy. How- 
ever, if the report is that of a carcinoma, 
the radium application is prolonged and is 
followed by a full course of roentgen ther- 
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apy which, then, constitutes the prelim- 
inary irradiation. Experience over the 
years shows that, since carcinoma of the 
endometrium is for the most part a post- 
menopausal occurrence with fresh, often 
dramatic, hemorrhage as its most common 
symptom, such a procedure leads to a some- 
what earlier diagnosis in the average case. 
Secondly, as confirmed by the experiments 
of Altemeier and Jones, the preliminary 
irradiation of the pelvis reduces the hazards 
of infection, almost completely eliminating 
operative mortality. 

The preliminary irradiation is followed 
within six to eight weeks, depending on the 
reaction produced, by surgery. The opera- 
tive procedures varied to some extent in 
our series, but in the majoritv of cases a 
total hysterectomy with bilateral oophor- 
ectomy, as recommended by Kamperman, 
was performed. 

A second course of irradiation, consisting 
of roentgen therapy alone, is administered 
within two to three weeks after the hyster- 
ectomv. 

This method has been used in Harper 
Hospital cases continuously since its intro- 
duction in 1928. The only modifications 
were made in 1933 when, for four vears, 
half of the cases were treated with super- 
voltage roentgen therapy for comparison, 
and in 1937 when orthovoltage roentgen 
therapy was completely replaced by super- 
voltage roentgen therapy. 

During the same time a significant num- 
ber of patients, who had had hysterectomy 
first and in whom roentgen therapy was 
advised postoperatively, was accepted for 
irradiation from other institutions. The 
majority of these patients received the 
maximum allowable radiation dose but, 
excepting a few instances, without the 
benefit of intracavitary radium. This cir- 
cumstance permits a good comparison of 
the two methods. 

In the inoperable cases irradiation alone 
was used, consisting of two courses of ex- 
ternal roentgen therapy and intracavitary 
radium at an interval of eight to ten weeks, 
whenever possible. 

The over-all five year survivals arranged 
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CARCINOMA OF ENDOMETRIUM 
FIVE YEAR SURVIVALS 





1957744 

1942745 3 

1947-51 189/113 60 

1952-54 99/63 64 
Tota Cases 





quirquennially are shown in Table 1x. As 
may be noted, there was a steady and 
defiaite improvement in the results. Since 
1937, when the present procedures had be- 
come fairly well standardized, the quin- 
queanial survival rates have increased from 
55 m 64 per cent. Despite the fall to 60 
per zent during the period of 1947 to 1951, 
this represents a notable progress which, as 
we shall see, may be explained by studying 
the change in combination of the methods 
usec. 

Based on the aforementioned historic 
evoution, the series of 553 cases of car- 
cinema of the endometrium may be divided 
intc those treated before and those treated 
afte: 1937. However, to gain a better in- 
sight into the constancy of the results, the 
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latter cases are again divided into those of 
the first ten vears after 1937 and those of 
the next eight years. Thus we may dis- 
tinguish three periods: I. 1924-1936; II. 
1937-1946; and HI. 1947-1954. As may be 
seen from Table x the five year survival 
rates of the patients treated according to 
method A amounted to 8c per cent dur- 
ing Period I and H and to 78 per cent dur- 
ing Period IH. The corresponding rates for 
the patients treated with method B were 
so per cent for Period I and I and 55 per 
cent for Period III. The cases treated by 
irraciation alone (method C) yielded a 
five vear survival rate of 35 per cent during 
Period I, 49 per cent during Period If and 
35 per cent during Period HI. The over-all 
results for all cases were 47 per cent during 
Period I, 60 per cent during Period II and 
61 per cent during Period 1H. 

Three deductions may be made from a 
comoarative analysis of these results. 

1. The marked superiority of method A 
over method B has continued to be evident 
throughout the three periods. 

2. This continued superiority of method 
A has altered the aspect of the entire series 
in two ways: (a) it has increased the ratio 
of the operable cases to the inoperable cases 
from 11:10 during Period I to 14:10 during 
Period IL and 30:10 during Period HI 
(Table x1), representing a three-fold in- 
crease. However, even more significant is the 
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CARCINOMA OF ENDOMETRIUM 
FIVE YEAR SURVIVALS RELATED TO METHOD OF TREATMENT 








Period a 
Cases, 





Cases’ 
Survivals Cent 


Per 


Survivals Cent 


10/8 8o 37/19 50 





64/52 5o 39/19 so 
54 1a3/iot 78 73/40 55 





1924-1954 


Survivals Cent 








Aand B A, Band C 


Cases Combined C Cases Combined 
Cases’ — Per Cases/ — Per 


Survivals Cent 











Toeal Cases Treated: $53. 


A. Preoperative irradiation, hysterectomy, postoperative irradiation. 


B. Hysterectomy, postoperative irradiation. 
C. Irradiation alone in inoperable cases. 
* Method A was started in 1928, 
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CARCINOMA OF ENDOMETRIUM 
RATIO OF OPERABLE CASES TO 
INOPERABLE CASES 
1924-1954 





Operable 








Inoperable 
Period Cases Cases Ratio 
A and B C 
L 1924-36* 47 43 1:10 
II. 1937-46 103 72 14:10 
HI. 1947-54 216 72 30: 


* Method A was started in 1928. 


fact that (b) within the operable group it- 
self it has raised the ratio of preirradiated 
operable cases (method A) to the post- 
irradiated operable cases (method B) from 
3:10 during Period I to 16:10 during 
Period II and 20:10 during Period HI 
(Table x11), or nearly a seven-fold increase. 

3. The increase in the number of the 
cases operated upon was accompanied by a 
corresponding decrease in the number of 
cases which remained to be treated by 
irradiation alone. Thus the ratio of the pre- 
irradiated inoperable cases (method A) to 
the inoperable cases (method C) was 2:10 
during Period I, 9:10 during Period II and 
20:10 during Period HI (Table xir). In 
the two periods after 1937 when both 
method A and method C had become fairly 
well standardized the decrease was slightly 
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RATIO OF PREIRRADIATED OPERABLE CASES TO 
POSTIRRADIATED OPERABLE CASES 


1924-1954 








Pre- Post- 
irradiated irradiated 
Period Operable Operable Ratio 
Cases Cases 
A B 
I. 1924-36* 





2 


* Method A was started in 1928. 
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CARCINOMA OF ENDOMETRIUM 
RATIO OF PREIRRADIATED OPERABLE CASES TO 
INOPERABLE CASES 
1924-1954 





Pre- 
irradiated Inoperable 
Operable Cases 
Cases C 
A 


Period 


I. 1924-36* 1o 
II. 1937-46 64 
HE 1947-54 ; 






1 








* Method A was started in 1928. 


over two-fold. In other words, more than 
twice as many patients were subjected to 
method A treatment during Period III than 
during Period H. This had two effects on 
the over-all results of the series during 
these periods: (a) it reduced the survival 
rate for method A from 80 per cent during 
Period II to 78 per cent during Period III 
and (b) it also reduced the survival rate 
for method C from 40 per cent during Period 
II to 35 per cent during Period HI. Due 
to the fact that the favorable effect of pre. 
liminary irradiation helped to extend the 
criteria of operability, more of the ques- 
tionable borderline cases have been trans- 
ferred to group A, leaving only the more 
severe cases in group C. Although this less 
rigid selection of cases produced slight 
lowering of the five year survival rates for 
both groups individually, the two-fold in- 
crease in the ratio of cases subjected to 
method A, with its superior results during 
Period IH, has raised the over-all results 
to 61 per cent as compared to 60 per cent 
during Period II. 

It may, therefore, be stated that in the 
treatment of carcinoma of the endometrium 
a combination of surgery and irradiation 
plays a major role. The optimal results are 
obtained by a method consisting of pre- 
operative irradiation with intracavitary ra- 
dium or equivalent radioactive substances 
and external roentgen or gamma rays, 


followed within six to eight weeks by total 
hysterectomy and bilateral oophorectomy, 
and supplemented, when necessary, with a 
seconc course of external radiation therapy. 
Irradiation alone is used only in the cases 
adjudsed inoperable primarily or following 
completion of the preliminary irradiation 
when surgery still remains contraindicated. 

Of course, in viewing the problem of 
treatraent of gynecologic cancers in a 
broader perspective, there are other fac- 
tors c^ greater importance which must be 
consicered. Among these are the natural 
history of the cancer, its histopathologic 
structure, tae mode of its local and meta- 
static spread, and, foremost, its biologic be- 
havio with respect to anatomic site, 
whether located in a silent area as malig- 
nant zeoplasms of the ovary, in an area of 
insidieus onset as cancer of the cervix or 
in a dramatically symptomatic area as 
cance of the endometrium. The over-all 
five year survivals of 31 per cent, so per 
cent, and 61 per cent in the three respec- 
tive creas amply reflect this inescapable 
conclusion. The immense contribution of 
radiation therapy in helping to bring about 
these results, however, cannot be denied. 
Thus. the almost insurmountable task of 
the ezrly pioneers, of whom so many be- 
came heroic martyrs, in establishing the 
clinical merit of radiation therapy has been 
"won lerful v" fulfilled. 

Ms great teacher, Preston M. Hickey," 
who m his Caldwell Lecture of 1928 art- 
fully 2pitonaized the life history of Eugene 
Caldvell and who skillfully reviewed all his 
impostant contributions to radiology, con- 
chided his ecture by saying: “The speak- 
er’s tesk will not have been in vain if you 
who make up this assembly are strength- 
ened and encouraged by the glimpses 
whick we have had of one who so nobly 
exem»lified the ideals of our specialty." It 
is my ardent hope that vou who make up 
this d stinguished assembly this evening are 
equal y strengthened and encouraged bv 
the “heuristic” glimpses which we have 
had af the slow rhythmic evolution of 
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radiation therapy, particularly in reference 
to the treatment of gynecologic cancers. To 
paraphrase the words of the ancient ph:- 
losopher, “To know the truth is not as im- 
portant as to love the truth." 


Harper Hospital 
Detroit 1, Michigan 
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DEMONSTRATION OF LYMPH NODE METASTASES 
BY PELVIC VENOGRAPHY* 


By ERIK CARLSSON, M.D., SUMNER HOLTZ, M.D., and ALFRED I. SHERMAN, M.D. 


SAINT LOUIS, MISSOURI 


ROGNOSIS in carcinoma of the cervix 
is im great part dependent upon the 
presenee or absence of pelvic lymph node 
involvement. While radioresistance of the 
neoplasm may be a possibility, certainly it 
has nor been uncommon in patients dying 
of caneer of the cervix to find the treated 
primary lesion under control but consider- 
able residual disease in the pelvis. In a col- 
ected series of cases? treated bv surgery, a 
61 per cent five vear survival was reported 
when the pelvic lymph nodes were normal 
às compared to a 21 per cent five vear sur- 
vival these nodes were involved by 
metastatic cancer. The incidence of positive 
pelvic lymph nodes as reported by Graham 
and Graham" is 15 per cent for LON} 1, 27 
per cent for LON u, and 66 per cent for 
LON ra. This high incidence makes control 
of the lymphatic dispersions a critical prob- 
lem in the treatment of cancer of the cervix. 
There can be no doubt that irradiation 
can destroy tumor in the pelvic lymph 
nodes, although the frequency with which 
this oceurs and the necessary dosage range 
is not known.*^!* Kottmeier!® has pre- 
sented patients with positive pelvic lymph 
nodes who, on re-exploration years after 
radiation therapy, failed to show evidence 
of tumer. In a series? of patients staged as 
LON 1: who were treated with the betatron 
to a minimum of 6,000 r whole pelvis 
irradiation. with subsequent lymphadenec- 
tomy, the incidence of histologically posi- 
tive lymph nodes was well below the ex- 
pected incidence of unirradiated cases. 
Because of the inability to predetermine 
involvement of the lymph nodes, present 
techniques of radiation therapy include the 
usual lymph node sites within the treat- 
ment field. This needlessly results in exten- 




















T LON = League of Nations staging. 


* 










From 
School of X 


Puerto Ri larch 17-19, 1960. 


sive and potentially hazardous irradiation 
for those many patients whose lymph nodes 
are not involved. If the presence of these 
metastatic lymph nodes were known, more 
vigorous treatment would be justified and 
the cases without lymph node involvement 
could be spared this irradiation safely. 

Lymph node involvement has been 
shown to be equally significant in cases of 
persistent disease. In a series of patients 
where exenteration was performed for per- 
sistent cancer, Bricker and Butcher? found 
only 2 out of 19 patients with positive 
lymph nodes who survived for three years. 
This is contrasted to a survival of 25 out of 
56 patients when the lymph nodes were 
negative. Furthermore, the recognition of 
involved para-aortic lymph nodes would 
eliminate needless laparotomies, since such 
involvement makes these patients incur- 
able. 

The main groups of lymph nodes affected 
by metastatic carcinoma from the cervix lie 
along the vascular channels of the pelvis." 
The venous channels, being thin-walled and 
of low intraluminal pressure, are easilv dis- 
torted by enlarged and firm lv mph nodes. 
This finding has been confirmed bv several 
authors.?* 


TECHNIQUE 

The veins of the pelvis can be opacified 
by several methods. The injection of a con- 
trast medium into the marrow of the pelvic 
bones and the trochanteric region of the 
femur has been used." The findings bv 
this method are somewhat ind:rect and the 
opacification of the veins probably is less 
optimal than by a more direct route. This 
method is also subject to a low but definite 
incidence of pulmonary emboli, osteomye- 
litis and other complications’? Injection of 
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the contrast medium into the dorsal vein of 
the clitoris" and interstitial injection into 
the uterus also have been used to opacify 
the pelvic veins. We have selected the 
direct approach advocated by several 
authors.?5.5.? 

The technique is quite simple. It consists 
of bilateral percutaneous puncture of the 
femoral veins and passage of polyethylene 
catheters into the external iliac veins over 
metal guide wires. The tip of the catheter 
lies approximately 10 cm. distal to the junc- 
tion of the internal and external iliac veins. 
Twenty-five cc. of 25 per cent hypaque is 
injected simultaneously into both catheters 
as quickly as possible and roentgenograms 
are obtained using a rapid film changing 
device. 

„The examination is carried out in two 
stages: the first without compression of the 
inferior vena cava, and the second with 
compression by a plastic balloon. 

Roentgenography is done with the pa- 
tient in the supine position, although 
occasionally additional oblique projections 
are utilized. With this technique, excellent 
opacification of the major vessels is ob- 
tained. The veins are fully distended by the 
large bolus of the medium and the opacifi- 
cation is nearly optimal with this direct 
approach. At the completion of the exami- 
nation, excretory pyelograms are made 
sparing the patient an additional injection 
of contrast medium. 

We have had no significant complications 
in our series of 31 cases. Helander and 
Lindbom® reported only 1 case with a 
serious complication. This consisted of 
pulmonary infarcts and emboli following a 
thrombus in the femoral and iliac veins. 
Early in our study, the tip of the guide wire 
broke off in the soft tissues in 2 patients. 
This was due to faulty manufacture of the 
wire and, since correction of this defect, no 
further complications have occurred. 


NORMAL FINDINGS 


Without compression of the inferior vena 
cava (Fig. 1), the external and common 
iliac veins and the inferior vena cava, as 
well as any abnormal filling of the venous 
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channels, are well seen. With compression 
(Fig. 2), there is retrograde filling of the 
internal iliac vein down to the level of a 
competent valve. While somewhat variable, 
this distance is approximately 5 cm. from 
the junction of the internal and external 
iliac veins. Usually the obturator vein does 
not fill. 

Several normal variations may occur 
within the veins of the pelvis. These have 
been pointed out by Helander and Lind- 
bom® and by Bartley,? who have studied 
these veins both in operative cases and in 
the postmortem status when they are in a 
fixed, expanded state. While usually there 
is a single internal iliac vein on both sides, 
at times there may be two vessels (internal 
and middle iliac) on one or both sides of the 
pelvis. Occasionally, an internal iliac vein 
enters the common iliac vein in the region 
of the promontory. Normally, the iliac 
artery and aorta, as they cross the left com- 
mon iliac vein, may indent and compress it. 
Indentations may also appear at the junc- 
tion of the external and internal iliac veins 
due either to compression by the internal 
iliac artery or to “jet” dilution if no reflux 
occurs. While reflux into the internal iliac 
veins usually occurs down to a symmetric 
level, occasionally the competent valve is 
located higher on one side than the other. 
Reflux into the internal iliac veins may 
occur without compression, although in 
Bartley’s? experience this was either bi- 
lateral or not at all. Filling of one or both 
ascending lumbar veins occurs without 
compression. 


PATHOLOGIC FINDINGS 


The presence of a firm tumor mass adja- 
cent to the thin-walled, low-pressure vein 
may make itself apparent in several ways: 

(1) Indentation of the vein (Fig. 3, 4, 5 
and 7). This must be differentiated from the 
normal indentations. Abnormal indenta- 
tions usually occur about the junction of 
the internal and external iliac veins and 
along the posterior and lateral margins of 
the common iliac veins, where normal 
indentations do not occur. 

(2) Nonfilling of a part of the vein because 
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Fic. 1. 
Normal pelvic venogram without compression. On the diagram, 4—inferior vena cava, B—right common 
iliac ve n, C—hypogastric vein, D—external iliac vein, E—ascending lumbar veins. Reflux into the ir tzrnal 
iliac vens can cceur normally without compression, as can filling of either or both ascending lumbar veins. 


If 


Normal pelvic venogram with compression. On the diagram, B—right common iliac vein, C—hypogastric 
vein, D—external vein, E—ascending lumbar veins. Asymmetric reflux with a “varicocele” on the right 
and a vell-defined competent valve on the left is demonstrated. 
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This fifty year old patient was diagnosed as having carcinoma of the cervix, LON ii and she received radium and parametrial 
Aut therapy. Microscopic examination of the lymph nodes after extraperitoneal lymphadenectomy did not show metastatic can- 
zer. Six months later the patient returned with bilateral parametrial masses. There was no pain or leg edema. 





A venogram made without compression demonstrates scalloped defects surrounding tae left common 
iliac vein and the adjacent vena cava. 


At operation a large tumor mass was found about the lower vena cava and left common iliac vein. Biopsy revealed metastatic 
epidermeid carcinoma. 





Fic. 5. 
Venogram cf a patient with a diagnosis of carcinoma of the cervix, LON 111, which shows distortion 
and a pressure defect of the right hypogastric vein. 


This patient received radium and parametrial Au! therapy. At lymphadenectomy, a 2.5 cm. lymph node was found adjacent 
to the hypogastric vein 5 cm. proxima! to its junction with the external iliac vein. Microscopic examination showed metastatic 
epidermeid carcinoma. 


Mic. 4. 
In 1959 this thirty-three year old female was treated with radium and roentgen therapy (dosage unknown) for carcinoma of the 
cervix. Nine years later a mass was palpated at the brim of the pelvis, on the right side. There was no leg pain or edema. 
Circumferential narrowing of the right common iliac vein immediately caudal to the vena cava is seen 
on the venogram. 


At laparotomy a 1 cm. lymph node was found between the iliac artery and ureter. Microscopic section of this mass revealed 
metastatic epidermoid carcinoma, 
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Venogram of a fifty-six year old female with carcinoma of the cervix, LON ur, demonstrates displacement 
of the left external iliac vein with lateral bowing. There is no reflux into the left hypogastric vein. 


The patient was treated with radium and parametrial Au!“ At the time of extraperitoneal lymphadenectomy, firm lymph nodes, 
2 cm. in diameter, which were positive for epidermoid carcinoma, lav at the bifurcation of the common iliac vein, 


of deficiency of flow in the normal direction or 
failure of retrograde filling (Fig. 6,7 and 8). 
Thrombosis and periphlebitis may cause 
nonfilling of a part of the vein but it is 
uncommon and is not associated with other 
venographic manifestations of a mass le- 
sion. The absence of reflux into one internal 
iliac vein when it is present on the opposite 
side, or marked asymmetry of the reflux 
level without demonstration of a valve and 
without evidence of a thrombus, is a definite 
sign of tumor. 

(3) Displacement of a vein (Fig 


. 6). In 


Helander and Lindbom's? series displace- 
ment was quite uncommon, although it is 
certainlv difficult to estimate. 

(4) Contrast filling of abnormal anasto- 
moses (Fig. 8} Without findings of the 
three changes listed above, abnormal anas- 
tomoses are only suggestive of venous 
obstruction by metastatic nodal compres- 
sion. 

RESULTS 

It has been the practice in this hospital to 

perform an extraperitoneal lx mphadenec- 


Be 
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Six months following radium and parametrial Au! therapy for carcinoma of the cervix, LON iu, this patien: developed obstruc- 
tion of tae left ureter, A nephrectomy was done and the pelvis was found to be free of tumor. One year after the initial therapy 


she developed left hip pain and a palpable left pelvic mass. 


This venogram shows an extreme example of collateral circulation that developed following tumor ob- 
struction of the iliac veins. The veins outline a huge pelvic and lower abdominal mass. The patient was ex- 
plored and a large necrotic epidermoid carcinoma was found surrounding the vessels. 
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lic. 7. 
A diagnosis of carcinoma of the cervix, LON 11, was made on this forty-seven year old woman, and she was treated with radium 
and parametrial Au!?*, 
The venogram demonstrates indentations on the left common iliac, left external iliac, left hypogastric 
and right common iliac veins due to lymph nodes with metastatic carcinoma, 
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tomy after completion of radiation therapy 
on those patients with LON zr carcinoma 
of the cervix. Initially, venography was 
performed on these patients after comple- 
tion of the radiation therapy so that corre- 
lation with the pathology would be ac- 
curate. At present the roentgen examina- 
tion is made before the initiation of any 
therapy, and if there are demonstrable 
abnormalities in the venous system these 
patients have repeat venograms before 
lymphadenectomy. 

In our series of 23 proved cases, 14 had no 
distortion of the venous system. In 13 of 
these 14 cases, there was no gross or micro- 
scopic evidence of tumor in any of the 
lymph nodes. In 1 case a microscopic focus 
of cancer was found in a small lymph node. 
In the g proved cases with abnormal veno- 
grams, 7 had gross and microscopic evi- 
dence that confirmed our findings. The 
other 2 patients received radium and beta- 
tron therapy after the venographic demon- 
stration of metastases and subsequent 
lymphadenectomy, which showed enlarged 
lymph nodes at the site of the distortion. 
Histologic examination revealed marked 
irradiation effect without evidence of 
tumor. 

CONCLUSIONS 


1. Pelvic venography is a safe and ac- 
curate procedure. 

2. Lymph node metastases can be dem- 
onstrated by this technique. 

3. Excretory pyelograms can be obtained 
with this same procedure. 

4. Pelvic venography is a satisfactory 
method ‘to study: (a) the frequency of 
lymph node involvement, (b) the frequency 
of the eradication of these lymph nodes by 
irradiation, and (c) the dosage necessary. 

In these ways it promises to be of value in 
the determination of therapeutic regimes 
for carcinoma of the cervix. 


Sumner Holtz, M.D. 

Mallinckrodt Institute of Radiology 
£10 South Kingshighway 

Saint Louis 10, Missouri 
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THE USE OF A VAGINAL APPLICATOR AS AN 
ADJUNCT TO THE TREATMENT OF 
CARCINOMA OF THE CERVIX* 

By JOSEPH E, WHITLEY,t M.D, DAMON D. BLAKE, M.D., 
RICHARD L. WITCOFSKI, M.S., and l. MESCHAN, M.D. 


WINSTON-SALEM, NORTH CAROLINA 


OST commonly employed cervical ap- 
plicators and external therapy tech- 
niques for treatment of carcinoma of the 
cervix do not deliver an adequate dose to 
the significant vaginal extensions of this 
tumor. A tubular applicator is the time- 
henored answer to this problem. Until 
recently it has been used in our department 
in the form of a tubular source inside a 
wooden cylinder. The original description 
of our particular design was published in 
1956.” This wooden applicator had the ad- 
vantage of simplicity of design; however, it 
had to be covered at each application with a 
rubber sheath; and it lacked stability, 
durability, ard some of the safetv features 
incorporated n our present model. The new 
applicator, of all metal construction, can be 
autoclaved, does not need a rubber sheath, 
and requires less handling, thus reducing 
exposure to personnel. 


DESCRIPTION 


'The applicator (Fig. 1) consists of a hol- 
low aluminum cylinder with over-all dimen- 
sions of 8.5 cm. X 3 em. with an outside wall 
thickness of approximately 2 mm. The cen- 
tral cylinder, which holds the low intensity 
cobalt capsules, is bored exactly to fit their 
outside diameter and has a wall thickness of 

. 2mm. A set screw is employed to close the 
central cylincer once it is loaded. A 20 cm. 
handle is ava lable with which to grasp the 
applicator after loading. 


INDICATIONS 


We have elected to use the above de- 
scribed applicator in any carcinoma of the 





Fic. 1. The disassembled applicator consisting of: 
A, tube; B, set screw; C, handle; D, wrench for 
removing set screw. 


cervix with vaginal extension bevond the 
upper one third of the vagina. In addition 
to our usual work-up for carcinoma of the 


* From the Depa-tment of Radiology, North Carolina Baptist Hospital and Bowman Gray School of Medicine, Winston-Salem, 
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cervix, each patient is evstoscoped, urethro- 
scoped, and proctoscoped to determine anv 
invasion of these adjacent organs bv the 
vaginal extension. The discoverv of such 
involvement does not contraindicate the 
use of this applicator; however, it does 
increase the incidence of fistulae in the cor- 
responding organ. 


METHOD 

The applicator is usually inserted con- 
comitantlv with urethroscopy and cvstos- 
copy. Once the bladder, rectum, and 
urethra have been evaluated, the cylinder is 
introduced into the vagina bv means of the 
metallic handle. Most vaginas readily 
accommodate the applicator and in very 
few patients are relaxing incisions neces- 
sary. Two or three sutures are used to ap- 
proximate the labia majora. The handle is 
then unscrewed from the cylinder. A Foley 
tvpe catheter containing § cc. of § per cent 
Nal is left in place in the bladder. 

The position of the applicator is checked 
in each case with pelvic roentgenograms 
using a radiopaque medium in a Foley bag 
and barium in the rectum (Fig. 2,./ and B). 


Tt is cesirable to place a metal skin clip on 
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the vagina at the point of lowest extension 
of the tumor, as well as on tne lip of the 
cervix. 


DOSAGE 


Low intensity, full and half-strength 
cobalt 6o capsules are used in the cylinder. 
Thev are of the stainless steel tvpe with an 
over-all diameter of 3 mm., wall thickness 
of o.s mm., over-all length 1.6 cm., and an 
active length of 1.0 cm. Their strengths at 
this time are approximately 3 and 4 me. 
Four capsules are loaded into the applicator 
according to the dosage pattern desired 
(Table 1 and Fig. 3). In actual clinical prac- 
tice the "ideal" distribution is most fre- 
quently emploved. The loaded applicator is 
allowed to remain in the vagina for approxi- 
mately five to six days to deliver 6,000 r, to 
the surface. 

The dose to various points about the 
applicator may be obtained for various 
dosage patterns by multiplying the total 
mc dose by the appropriate factor in Table 
1. This table was calculated from cumula- 
tive summations of each source, neglecting 
absorption of the aluminum, but including 
self absorption bv the capsules. 





Fic. 2. Typical G4) anteroposterior and (B) lateral pelvic roentgenograms, 
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DOSAGE CALCULATIONS FOR THE APPLICATOR LOADED WITH FULL AND HALF 
STRENGTH COBALT ÓO CAPSULES IN VARIOUS PATTERNS? 




















Points 
Loading s rs 
A B C D F E A' B’ B" Ct 
Uriform | 2.03 | 1.49 | 2.46 | 3.01 | 3.01 | 2.46 62 o.82 ig | 
| | | 
Erd Load | 3.10 | 1.83 | 3.08 | 2.95 | 2.61 | 2.06 61 69 98 | 36 | 
Deuble | | 
Erd Load | 2.68 1 1.73 5 3.02 | 3.39 2.63 | 1.89 Sr OR 97 | 38 
Ideal Load | 2.59 | 1.58 | 2.65 2.63 2.63 2.65. .79 61 1.85 21 
al mc of the capsulesX appropriate factor above= per hour at point x. 
€ full strength capsule. 
- is one half strength capsule. 
A’ B' In the usual application, the posterior 
a bladder and the anterior rectal serosa 
e 


receive no more than 5o per cent of the 
" dosage administered to the surface of the 
B applicator, due to the rapid fall.off, and 


s ™ that dosage is to only a narrow strip. Diff- 
DFN culty with excessive dosage to the bladder 

CL and rectum may be encountered by com- 
e bining this tvpe of application with some 


techniques of external therapy, but not 

with the traditional, separated, straight-on 

' anterior and posterior pelvic fields. We 

D have found that such an application does 

not interfere with the use of the usual tri- 

partite applicator. The areas where the 

dose patterns may overlap are the fornices 

E' and cervix, which are relatively radioresist- 

e ant in. clinical practice. Thus far, in our 

experience, the applicator has not signifi- 

cantlv raised the incidence of complications 

F' in the treatment of carcinoma of the cervix. 
e DISCUSSION 

We believe that the above described 

applicator is a useful adjunct in the treat- 

ment of carcinoma of the cervix with vagi- 

nal extension, and find this technique prac- 

tical and applicable in the great majoritv of 

these cases. It is uncommon in our experi- 

i : : f : : ence for a case to require an individual 

Fro. 3. Cross-sectional drawing of applicator with yaar EE S - 

doints corresponding to those in Table 1. Points A mold." Other d of this model are planned 

-hrough F are on the surface of the applicator. for the exceptional cases we may encounter 

Points A’ through F’ are 1 cm. from the surface. in the future. 
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COBALT 60 TUMOR TREATMENT TIME AND 
“SKIN” DOSAGE CHARTS* 


By LILLIAN E. 


JACOBSON 


NEWARK, NEW JERSEY 


N THE treatment of tumors with cobalt 

60 teletherapy units, the skin dose is no 
loager a limiting factor in delivering a suf- 
füdent dose to the tumor, especially when 
two or more ports are used. Therefore, 
tables which give the time of treatment for 
Ico r, at various depths in tissue, are use- 
fui. It is also desirable to know the dose 
which the skin receives during this treat- 
ment time. The "skin" dose is the maxi- 
mam dose received at about 6 mm. below 
the surface where electron equilibrium is 
established. 

These figures are 
treatment time and 


given in Table 1, a 
“skin” dosage chart 


for 8o cm. source skin distance (S.S.D.). 
The time in minutes to give IOO r at a 
depth i is charted against that depth for the 
given field size. The "skin" dose for the 
number of minutes the patient is exposed, 
listed in the column headed “Min,” 
given in the adjoining column headed 
“Max. r”. For example, if the center of the 
tumor is 7 cm. below the surface and the 
field size is 200 sq. cm., it will take s 
minutes to give 


1S 


100 r to this depth. The 
Max. r 0.6 cm. below the skin or so called 
"skin" dose will be 141 r. The time has 
been kept in minutes, tentas and hun- 
dredths of a minute instead cf minutes and 


Tante I 


TREATMENT TIME AND 


"SKIN 


DOSAGE CHART 


80 cm. s.s.D. 


Time in minutes to give 100 r tumor dose at depth and ' ‘skin” 
Output 27:3 r/min: at 8o cm. s.s.D. 




















Depta | m | 50 | 
nem. i Con Nw : H 
Min | M: 
o. 3.72 | 
2. | 3.97 | 
3. | 4.22 4 
4: | | o45 
$5 | | Doa 
BENE ED 

6.0 144 | 5.37 | 43 | 5-25 
f | 456 | 5.80 | 150 pose 
8.9 | 169 | 6.25 | 162 5.99 
ga | 183 | 6.77 174 | 6.43 
10,9 | 198 | 7.10 181 6.72 | 

| | | 
ino | 214 | 7.96 | 203 
123.0 | 231 | 8.54 | 220 | 
13.0 | 252 | 9.46 | 236 | 
14.0 | 271 | lo.00 | 256 | 
15.0 | 293 | 10.82 | 275 





dose, Max. r, for 100 r at depth 


Area in sq. em. 











100 
ax.r | Min Min 
100 | 3.68 .63 
107; | 3.90 .88 
112 | 4.10 o5 
rig | 4.38 27 
127 | 4:65 | | 4.48 
o] | | | 

136 | 4.97 | 133 | 4-84 133 | 4.70 
146 5.32 | Mat | 5.14 139 | 5.04 
157 5.28 | 181 {5.49 147 | 5.34 
167 6.11. | 16: | 5.5 156 | 5.66 
179 6.55 | 73 | 6.22 165 | 5.02 

| beng 

| 184 6.70 

| dox pow 

i 210 | 7.60 

pode 8.44 

EE: | 8.65 

F 








* From the Radiation Therapy Department of the Presbyterian Hospital in Newark, New Jersey, a unit of the United Hospitals of 


Newark. 
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seconds because it is easter to multiply this 
figure by multiples of 100 r to compute the 
time for the required dose. The faces of 
the control timers can be graduated in 
minutes, tenths and hundredths of a min- 
ute. This obviates the need to transpose into 
minutes and seconds, a general source of 
error in calculation. 

In these computations no allowance has 
been made for the change of output in air 
with field size. The output which has been 
usedis that for a 10X 10 cm. field. The differ- 
ence between this and the output for other 
fields is less than 5 per cent. The 0.6 cm. 
depth is considered as if it were at the 
source skin distance of 80 cm. Allowance, 
however, has been made for backscatter. 
The times have been calculated by using 
depth dosage data of Johns, Epp, Cormack 
and Fedoruk.' If one wanted a more accu- 
rate table, the actual output for the given 
field size could be used in the calculation. 


Lillian E. Jacobson 
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Table I makes it very easy to determine 
the time for a required tumor dose at a 
given depth and to find the “skin” dose 
without having to do the calculation from 
depth dose tables each time. 

Similar tables have been calculated for a 
S.S.D. of 50 cm. (Table 11) and 100 cm. 
(Table 111). The 100 cm. distance is used 
with one of our Co*? machines when a field 
dimension larger than 20 cm. is needed, 
as in the supraclavicular field for breast 
work on a large patient. 

The “skin” dose as listed in these tables 
remains the same for all machines used at 
the given distance, since this depends only 
on the depth dose for the given field size. 
This is so because the dose that the "skin" 
receives when roo r is delivered to the 
specified depth depends only on the per 
cent depth dose and depth dose is independ- 
ent of type of machine. Of course, the depth 
dose varies with the source skin distance 


Taste II 
TREATMENT TIME AND "'SKIN" DOSAGE CHART 
50 Cm. 8.8.D. 
Time in minutes to give 100 r tumor dose at depth and “skin” dose, Max. r, for 100 r at depth 
Output 43.3 r/min. at 5o cm. s.S.D. 
































Area in sq. cm. 
Depth 20 50 100 200 400 
in cm, 

Max. r | Min. | Max.r | Min Max. r | Min Max. r | Min. | Max.r | Min 
0.5 100 | avs | 100 2.32 100 2.30 100 2.26 100 2.26 
I.0 104 2.40 103 2.38 103 2.34 102 2.32 102 2.32 
2.0 112 2.57 110 2.52 109 2.49 109 2.46 108 2.45 
3.0 122 2.80 119 2.74 117 2.69 116 2.64 115 2.60 
4.0 132 3.04 128 2.94 126 2.86 124 2.80 123 2.78 
5.0 144 3.30 138 3-17 135 3-10 133 2.99 131 2.94 
6.0 157 3.60 150 3-44 146 3-34 143 3.20 139 3.15 
70 Ii | 3.94 163 | 3.76 158 | 3.58 153 | 3.45 149 | 3.37 
8.0 188 4.30 178 4.07 171 3-90 164 3-72 160 3.58 
9.0 206 4-73 194 4-44 186 4.13 178 4.05 170 3.84 
IO.O 225 5.15 211 4.86 201 4.59 191 4.32 182 4.12 
II.O 247 5.63 230 5.27 218 4.98 207 4.67 195 4.42 
12.0 270 6.17 250 5.74 237 5.43 222 5.00 209 4.70 
13.0 295 6.79 272 6.25 256 5.85 240 5.27 224. 5.06 
14.0 322 7.39 297 6.81 278 6.35 259 5.80 240 5.41 
15.0 351 8.08 324 7-44 301 6.87 278 6.26 256 5.78 














Vor. 84, Xo. i Treatment Time and Dosage Charts 3 


Taste HI 


TREATMENT TIME AND "SKIN" DOSAGE CHART 
Too cm. S.S.D. 
Time in minutes to give 100 r tumor dose at depth 
and "skin" dose, Max. r, for 100 r at depth 
Output 17.4 r/min. at 100 cm. s.s D. 








Area in sq. cm. 


Depth were i UE re 














: 200 400 
in cm. Aen eee 
| Max. r Min. 
| 100 . &.8o 
| 101 5.87 
105 | 6.13 
| Ho {6.39 
| ag | — 6.68 
| ar | 7.04 
6 129 | 7.50 | n$ | 7.42 
7 37 | 795 | !34 | 7-80 
8 145 | 8.42. |. 142 | 8.22 
9 154 | 8.95 | 150 | 8.69 
10 165 | 9.59 189 | 9.25 
| | 
E 176 | 168 | 9.75 
12 187 |. 178 | 10.30 
13 198 | 18g | 10.97 
14 212 | 200 | 11.61 
15 22 | 212 1223 
239 | 225 13.03 
255 | 238 13-79 
272 | 252 | 14.61 
289 i 267 | 15.49 
3 | 282 | 46 34 





and field size. The time to deliver the 100 r 
to a specified depth will depend on the 
output of the machine and therefore will 
vary trom one machine to another. But 
once the 100 r is delivered the skin dose 
wHl be the same. 

The time in minutes for any cobalt 60 
machine for an 80 cm. S.S.D., depth, and 
field size can be calculated from that listed 
in Table 1. For example, if a machine at a 
S.S.D. of 80 cm. has an output of 38.4 
r/min., then the time to give 100 r to a 
depth of 8 cm. for a field size of so sq. cm., 
Ts, of that machine, is to, ts, of the given 
chart inversely as the respective outputs. 


NN 


Ts Output on chart 


ts Output 
Ts 27.2 
599 38.4 


Ts=4.24 min. 


The same method of calculation can be 
used for the so cm. S.S.D. and 100 cm. 
S.S.D. and when the charts are changed to 
allow for decay of the cobalt 60. 

Treatment time charts have also been 
compiled for rotation therapy. The average 
thickness of the patient in centimeters 1s 
charted versus the time for delivery of 100 
r to the center of rotation (Table 1v). The 


"TABLE IV 
ROTATION THERAPY 
TREATMENT TIME CHART 
$5 cm. S.A.D 


Time in minutes to give 100 r tumor dose 
for different thicknesses 





Area in sq. cm. 


Average 











| H 
Thickness | | 100 | rge | 200 | 400 
in cm. | is 
10 
11 ace 
12 | 3-40 
13 | 3.48 
14 (3.59 | 
15 3.68 | | 
16 XT | 3.52 | 3. 
17 IKE | 3. 3. 
18 | 3. | 3. 3. 
tg | 4- [3 3. 
20 AR) 3. 3. 
| | | 
21 4.36 | 4.10 | 3 3. 
22; | 4.49 | 4.21 | 4 am 
23 [404 | 433 4 4. 
24 4670 | 4.44 | 4 EZ 
25 LE 4.58 | 4.42 | 4 
26 | 5.04 | 4.70 | 4. 4.2 
25 | 5.19 | 4.83 | 4. 4.5 
2 5.34 | 4.98 | 4.78 | 4.6 
29 | 5.50 | 5.10 | 4. 4.7 
30 [5.66 | 5.25 | 5.04 | 4. 
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average thickness in centimeters is twice 
the average depth of the center of rotation 
or center of the tumor. The reason for using 
average thickness will be explained shortly. 
The time of treatment was calculated by 
using tumor to air, T, A, ratios for the given 
depth and field size as described by Johns, 
Morrison and Whitmore.” 

The skin dose cannot be derived as easily 
as for fixed beam therapy but may be ob- 
tained from Co isodose curves for rota- 
tion. 

The times of treatment for any cobalt 
machine, including source axis distances 
(S.A.D.) other than $5 cm., may be ob- 
tained from Table 1v by formulating a pro- 
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portion similar to that given above for 
fixed port therapy and using the output at 
the center of rotation. This is so because the 
T/A ratios are independent of distance, 
from 40 cm. to 100 cm. 

We have found that less than 4 per cent 
error is made when the averages of the 
anteroposterior and lateral dimensions of a 
patient are used in calculating the T/A 
ratio, instead of finding the average T/A 
ratio from those corresponding to the depth 
of the center of rotation for twelve sectors. 
This obtains even when the tumor center is 
not symmetrically situated in the patient. 
However, this does in no wav obviate the 
necessity of accurately localizing the tumor 


Taste V 


OPPOSING PORT THERAPY 
TREATMENT TIME AND "SKIN" DOSAGE CHART 
$6 Cm. S.A.D. 
Time in minutes to treat each port, to give roo r tumor dose from two opposing ports 
and "skin" dose, Max. r, including exit dose for 100 r at 55 cm. s.A.D. 
Output 35.8 r/min. at £5 cm. S.A.D. 





Thick- | ~- 










































ness | so 100 200 400 
| Max.r { Min. | Max r Min. | Min. | Max.r | 
ETE: SM nn RUNE m NIMES ER 
10 | 107 | 1.62 | 106 1.57 | 105 1.55 104 | 1.53 103 
E tog | 1.65 | 107 1.60 | 106 | 1.58 Ios | 1.5$ | 104 
12 | 111 1.70 109 1.64 |. 108 | 1.61 107 | 1.58 | 106 
13. [| n3 LFS 11H 1.67 | 110 1.64 109 | 1.61 | 108 
i4 |. 016 | Bo 113 172 | 112 | r.68 int | 165 | tog | 
15 | 198 | 1.84 116 [27 | M4 | 1.72 113 | 1.68 | gu | 
| | i | | | | ! 
16 | 122 | 1.89 | 118 | 1.81 | 117 | 1.77 | 0946-0 1.733 | 13 | L65 
17 | 125 | 1.94 121 IBE | 120 | 1.81 | lig | 1.78 HS | 1.68 
18 129 2.00 125 t.90 | 123 | 1.85 | 122 | 1.82 | n8 1:53 
19 iii 2.06 128 [.94 7 — 127 1.90 | 125 1.86 121 | 1.77 
20 158 222. 4» 032 1.99 | d3! | 0.98 | 129 | 1.90 125 | 1.81 
| | | | L- ns à 
21 143 | 2.18 4 137 | 135 | 1.99 | 133 | 1.94 | 128 | 1.84 
22 148 2 hoa | 139 2.05 137 | 1.99 | 132 | 1.88 
23 154 2 | 147 144 Bell | 14i | 2.05 | 136 | 1.92 
24 160 2. | 152 149 2.16 | 46 | 2 2 | 40 1.96 
25 167 2. | 158 154 2.21 | 52 | 2.160 | 144 2.00 
26 174 2.52 164 2.35 160 2.37 do Xx Dod i 49 | 2.05 
27 181 2.60 47 2.42 167 2:32.-.1 63 | 2.26 | 184 | 2.10 
Pr 189 2.67 2.49 | 173 2.40 | 69 | 2.3! | 59 2.14 
29 198 2.76 2.55 181 2.46 | 76 | 2.38 | 65 2.19 
c 208 83 2. 3g 3292. 4 84 Dy | gi 2.2: 






| 
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and its center. It does make dosage calcula- 
tion for rotation therapy with Co simpler 
and allews charts to be made which can 
easily be used. A word of warning-the 
same short cut mav not be used for the 200 
kv. region. Here errors as large as 20 per 
cent would occur. 

It is often convenient with the patient 
lving om the treatment table to place the 
center of the tumor at the center of rotation 
and treat the tumor through two opposing 
ports, anterior and posterior, or two lateral 
ports. Table v is useful for this tvpe of 
treatment. It gives the treatment time for 
each of the two ports in order to deliver a 
tumor dose of too r (so r from each). The 
"skin" dose includes the exit dose. The 
"skin" dose remains the same for all cobalt 
machines with a S.A.D. of 55 cm. and the 
center of the tumor at the center of ro- 
tation. The assumption has been made that 
the cenzer of the tumor is equidistant be- 
tween the two surfaces. If the center is 
slightly asymmetric, the error is not too 
great. The time of treatment for any ma- 
chine at a S.A.D. of 55 cm. with a known 
output may be calculated from the times 
given im the chart by using the proportion 
previously given. 

These tables have been tested by a num- 
ber of radiologists who have cobalt 60 ma- 
chines and were found to be very useful. 


SUMMARY 


1. Treatment time and "skin" dosage 
charts tor different field sizes are given for 
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80 cm., so cm., and 100 cm. source skin 
distances. The "skin" dose remains the 
same for all machines for the given 5.S.D., 
depth, and field size. 

2. A treatment time chart for rotation 
therapy is given in which the time for 190 r 
is listed versus the average thickness of a 
patient for different field sizes. This chart 
is applicable for source axis distances from 
49 cm. to 100 cm. 

3. A table is given for use with opposing 
port therapy at ss cm. S. A.D. The time to 
treat each port, for 100 r tumor dose, and 
the "skin" dose including exit dose are 
charted versus the thickness of the patient 
for different field sizes. 

4. A method is described fer calculating 
the treatment times for any cobalt 60 
therapy machine from the given tables. 
The Radiation Therapy Department 
The Presbyterian Hospital 
27 South Ninth Street 
Newark 7, New Jersey 
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tor of the Radiation Therapy Department, for 
his encouragement, and William R. Hillsinger 
for his help with the many calculations. 
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FOCUSED GRID TELECOBALT THERAPY* 


By DAVID M. GOULD, M.D.,f JOHN W. 


LANE, 


M.D., and WALTER MAUDERLI, D.Sc.$ 


LITTLE ROCK, ARKANSAS 


RELATIVELY large number of hope- 
lessly advanced cancer cases are re- 
ferred to our department of radiotherapy. 
These patients have such advanced disease 
that the surgeons cannot undertake re- 
moval of the tumor and expect a postopera- 
tive survival. A radiotherapist, knowing 
from experience that conventional treat- 
ment with homogeneous radiation does not 
inevitably alleviate pain and prolong life, 
dreads the referral of such cases and often 
refuses to treat them. A course of therapy 
by conventional methods usually involves 
four to six weeks of hospitalization or out- 
patient visits. Toward the end of the 
treatment, the patient may still sutfer con- 
siderable discomfort from both the tumor 
and the effects of treatment. Sorely needed 
was a practical and efficient method of pal- 
liation that would permit the administra- 
tion of large doses of radiation in a short 
span of time with minimum side reactions 
and maximum relief of symptoms. An effec- 
tive method would make it possible to: (1) 
deliver large doses of radiation; (2) shorten 
the treatment period (ten days to two 
weeks); (3) cause rapid tumor regression; 
(4) maintain anatomic and phy siologic in- 
tegrity of organs involved; (5) minimize 
radiation sickness (nausea, vomiting, ma- 
laise); and (6) minimize skin reaction. 

In searching for a way to accomplish 
these objectives, we decided at the begin- 
ning of 1957 to modify our telecobalt ther- 
apy by the use of a grid. The idea was sug- 
gested by the observation of some patients 
who received excellent palliation from 250 
kv. peak therapy with grids. An analogy 
can also be drawn from 
radium or cobalt needle implantation." 

Our modification of the conventional 


2,3 
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the effects of 


telecobalt therapy involves the use of a grid 
fashioned from a block of lead 5.4 cm. 
thick which is perforated by cylindrical 
holes diverging toward the patient. The 
lead block is attached to the treatment 
cone, and a perforated piece of metal is at- 
tached to the grid to permit registry of the 
grid eee with successive treatments 
(Fig. 1 and 2). 


CLINICAL MATERIAL 


From Mav,1957 through December, 1958, 
we treated 87 patients with focused grid 
telecobalt therapy. The voungest patient 
was three and one-half vears of age; the 
oldest eighty-three. The mean age was 
fiftv-nine vears. Fortv-six patients were 
white and 41 were Negro. Fortv-nine were 





or treatment. 


1. Focused grid in position 


Fic. 


This project has been financed, in part, through 
he American Cancer Society Grant IN-r, 





Fic. 2. Detail of focused grid and metal register. 


men and 38 women. During the time of this 
study, 45 patients remained alive and 42 
died. There were 18 cases of carcinoma of 
the bladder, 25 cases of carcinoma of the 
lung, 20 cases of carcinoma of the female 
genital tract, 17 cases of carcinoma of the 
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head and neck including 3 cases of carci- 
noma of the esophagus, and 7 cases of mis- 
cellaneous malignancies (Table 1). A more 
detailed breakdown of the number and 
tvpes of carcinoma treated is given in 
Tables 11, i1, and tv. 

In order to analvze whether or not relief 
was obtained from the treatments, a pal- 
hation index was devised. The palliation 
index (PI) is the product of two factors, 
namely, the palliation factor (P) and the 
number of months of survival (T). 

The palliation factor (P) was designated 
by four grades of relief ranging from P-o to 
P-3. Palliation factor 3 (P-3) meant that 
the patient had received maximal benefit 
and was able to conduct his lite in a manner 
similar to his mode of living prior to illness. 
Palliation factor 2 (P-2) meant that the pa- 
tient had a good result in terms of con- 
siderable alleviation of symptoms and re- 
gression in the size of the tumor. Palliation 
factor 1 (P-1) meant that the patient had 
received appreciable benefit in terms of 
alleviation of symptoms, regression of the 
size of the tumor, or both. Ne palliation, or 
P-o, meant that the patient had received 
no benefit, or may indeed have gotten 
worse. 

To define the palliation factor objec- 
tively, it was decided to grade the symp- 
toms and the status by physical examina- 
tion and by laboratory, roentgenographic, 
operative, and pathologic fincings obtained 
after completion of therapy. As the findings 
changed during follow-up, the individual 


TaBe I 


VITAL STATISTICS 














Race 








pef m : - | Sex 
Origin of No. of | Mean , Age Range |. — Liv; Dead 
Carcinoma | Patients Age (yr.) (yr.) Wo ON Da UR 2 Bs DE 
H iB i jr £ E S YE. (vr. White | Negro H Male | Female i 
i 

Bladder | 18 65 5 8 | yo | 9 | 9 

Lang | 25 58 8 24 | rj mm ] 13 

Female Genital § 20 56 16 | o | 2 | 13 | > 

! 67 8 | 12 | 5 | 6 | nn 

51 2.) xol] 2 | s | 2 

59 
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Tase IV 


MISCELLANEOUS MALIGNANCIES 

















: wd No. of 
Site of Origin Patients 
Carcinoma of Endometrium 9 
Carcinoma of Cervix 
(1 sarcoma and 1 adenocarcinoma) 
Carcinoma of Ovary 2 
Total 20 





factors were averaged; this resulted in a 
mean palliation factor which was judged 
the fairest approximation by conference 
opinion. 

The survival time (T) was calculated in 
months of survival. If the patient was still 
living at the end of the time of analysis 
(December 31, 1958), a plus was included 
with the palliation index. If the patient was 
dead at the end of the period of analysis, 
the palliation index was given without the 
additional sign. 

Analysis of the palliation factor (Table 
v) reveals that of the 87 patients, 51 (59 
per cent) received appreciable palliation or 
better (P-1, 2 and 3). No palliation was ob- 
served in 36 patients (41 per cent). A fur- 
ther breakdown shows that 30 patients (35 
per cent) received appreciable relief (P-1) 
and 12 patients (14 per cent) received good 


Taste IH 


HEAD AND NECK 








Site of Origin No. of Patients 





Carcinoma of Pharynx 
Carcinoma of Tonsil 
Carcinoma of Oral Cavity 
Carcinoma of Hard Palate 
Carcinoma of Floor of Mouth 
Carcinoma of Buccal Mucosa 
Carcinoma of Gingiva 
Carcinoma of Sinuses 
Carcinoma of Skin 
Metastases to Neck 
Carcinoma of Esophagus 





Ll 
xr db esa: prs a a3 


'Total 





Site of Origin No. of Patients 





Prostate 

Colon 

Hodgkin's Disease 
Kidney 

Pancreas 

Scrotum 
Lymphosarcoma 





sx "Dus apes Ae 


Total 





palliation (P-2). Nine patients (10 per cent) 
had excellent palliation (P-3). `. 

Successful palliation from grid therapy 
varied considerably with the site of origin 
of the carcinoma (Table v1). The best pal- 
liative results were obtained in carcinoma 
of the bladder (78 per cent), and the least 
palliative results in carcinoma of the lung 
(only 36 per cent benefited). Of the pa-: 
tients who had female genital tract car- 
cinoma, 65 per cent were successfully: 
treated. Of the patients with carcinoma of 
the head and neck, 59 per cent experienced 
relief, and 71 per cent of the miscellaneous 
malignancies were successfully treated. 

In terms of human suffering and months 
of survival, it is noted (Table vir) that 
there were ror months of a total of 438 
survival months for the entire group with- 
out palliation. In other words, 23 per cent 
of the total months survived can be con- 
sidered a treatment failure. Thirty patients 
survived 203 months at the appreciable 
palliation factor of P-1, yielding a total of 
46 per cent of the months survived at this 
level of palliation. Good palliation (P-2) 
was achieved in 12 patients for 52 months, 
12 per cent of the months survived. Nine 
patients had excellent palliation (P-3) and 
survived 82 months, which is 1g per cent of 
the total months survived. Undoubtedly, 
in a series with such advanced cases of 
cancer, even if the patients had survived 
438 months without treatment, palliation 
could hardly be expected. It can be con- 
cluded that the focused grid telecobalt 
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Taste V 
PALLIATION AND SURVIVAL BY CANCER SITE 
Palliation Factor (P) 
P-o Pt P-2 P-3 
Cancer None Appreciable Good Excellent 
Site 5 ed n E 
"NE Total c d Total Panes Total ON Total 
| p 9 5 Survival | i of | Survival 95 Survival S i | Survival 
| Patients (mo. | Patients (iod atients | — (m) atients | — (mo) 
Bladder 4 6 9 49 12 2 15 
Lung 16 43 5 16 13 
Female Genital | 7 29 8 87 I 4 44 
Head and Neck | 3 24 6 ns 17 I Š 
Miscellaneous | 2 5 2 16 1 9 2 18 
Total 101 203 12 2 











Appreciable Palliation or Better 


A <a Total No. of 
Cancer Site 








(Pai, 





2, 3) 


(Pes 





Patients - zin = ea EY bM — — 
| No. of Patients, Per Cent No.of Patients, Per Cent 
Bladder 18 14 78 5 2$ 
Lung 2 9 36 4 16 
Female Genital 20 13 65 5 25 
Head and Neck 5 10 59 4 24 
Miscellaneous 7 5 71 3 3 
Total | 87 5 21 


therapy was successful in producing some 
relief of symptoms in s1 patients for 337 
months, or 77 per cent of the total time sur- 
vived. 

From Table vi, it appears that patients 
with cancer of the lung are less likely to re- 
ceive benefit than those with other types of 
cancer. Only g of 25 patients (36 per cent) 
with lung cancer received successful pal- 
liation, while 14 of 18 persons with bladder 
cancer (78 per cent) were successfully 
treated. A low level of success for palliation 
could militate against the use of focused 
telecobalt grid therapy in a particular type 
of cancer. Certainlv, if we excluded all the 
cases of carcinoma of the lung, the pallia- 
tion results in our series would be strikingly 


59 


improved. However, from a clinical view- 

point, the physicians in our radiotherapy 

department consider that even a level of 
Tage VH 


TOTAL SURVIVAL IN MONTHS AND AMOUNT 
OF PALLIATION 








No. of Total Survival 


Patente Palliation 
atients | 





| P-o (none) 


JO Í : 3 
3o , P.r(appreciable) | 203 | a6 
12 | P-2 (good) | 52 12 
9 | P-3 (excellent) 82. |. 1g 
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appreciable palliation in one-third of the 
patients with advanced cancer of the lung 
is worthwhile. 

A tabulation of pertinent clinical data 
by cancer site for individual patients is 
given in Tables viii, 1x, x, XI, and xir. 

From the palliation index (PI), it is easy 
to recognize patients who received extra- 
ordinary benefit and those who received 
little or none. Following are reports of 3 
patients who benefited considerably from 
this mode of therapy and 3 patients who 
were treatment failures. 


David M. Gould, John W. Lane and Walter Mauderli 


JANUARY, 1961 


REPORT OF CASES 


Case 1. MS 14-60-39. Transitional Cell Carci- 
noma of the Bladder. This sixty-five year old 
housewife, a patient of Dr. James Headstream, 
presented with a three months’ history that was 
compatible with cystitis and hematuria. Opera- 
tion in June, 1957, consisted of fulguration and 
removal of a portion of a transitional cell carci- 
noma of the bladder. 

On January 7, 1958, she returned for a 
check-up examination and complained of deep 
pelvic discomfort with “bearing down sensa- 
tion.” Bimanual examination revealed a large 
extravesical extension of the tumor on the left. 


Tase VIII 


2. FOCUSED GRID TELECOBALT THERAPY CLINICAL DATA—BLADDER CARCINOMA 
































































































Sur- 
Age, vival | ative 
No. | Unit No. En Type of Cancer ipe Indez Remarks 
(mo.)| XT)* 
1 | 13-49-03 | 66 NM | Adenocarcinoma of 6/13/57 | 0/10/57 3 6 Ureters transplanted before 
ce ladder therapy; pain improved 
2 mest 69 WF | Carcinoma of bladder 6/19/57 | 8/22/57 a 2 a showed marked shrink- 
3 13:2820 74 NF | Adenocarcinoma of II 7/ 2/57 | 7/ 5/57 Received only 2 treatments; 
P bladder patient was uremic 
4 Carcinoma of bladder | III 7/ 9/57 Tumor recurred but with 
marked symptomatic improve- 
ment 
5 | 13-97- Adenocarcinoma of IV 8/30/57 Good reliei of pain 
Be bladder 
6 | 14-60- R Carcinoma of bladder | III 1/16/58 Asymptomatic and doing ex- 
M ceptionally well 
7 enam 67 WM | Carcinoma of bladder | IV 3/19/58 1 8 84- | Will not return for check-up 
8 xm 67 WM | Carcinoma of bladder | IV 3/24/58 | 9/14/58 | 1 5 5 Good pretreatment pneumo- 
9 Rit. 76 WF | Carcinoma of bladder | III A/ 1/58 2 8 | i64 
zo | o8- NM | Carcinoma of bladd IV 4/ 8/58 | 8/13/58 | x 4 4 on 4/9/58 and 
o ER 73 ma er 1/1 1/1/si diow program of of tu- 


mor; since improved 
























































II prora 71 NF Carcinoma of bladder | IV 6/ 9/58 | 9/ 6/38 | o 2 ges Incomplete; 1 treatment 

12 158594 54 WM | Carcinoma of bladder | IV 8/18/58 | 12/11/58 I 3 3 

13: 155013 71 NF | Carcinoma of bladder | IV 8/22/58 I 4 | 4+ [ei porq cept for slight 

I4 | 15-10-00 | 69 WF | Carcinoma of bladder | IV 8/22/58 o 4 o-+ | Had lung metastases; has good 
LS with lung metastases pretreatment pneumogram 

I5 15455 66 NM | Carcinoma of bladder | IV 9/ 2/58 I 3 3+ 

16 | 15-88-83 | 44 WM | Carcinoma of bladder | IH | 12,000r | 11/20/58 3 2 6+ | No bleeding, no pain; gained 20 
DS Ib. 

—— 

17 15-97-95 54 WF | Carcinoma of bladder | IV | ra,ooor | 12/10/58 | 12/17/58 | o o o 

18 | 16-00-35 | 55 WM | Carcinoma of bladder | IV | zrz2,ooor | 12/15/58 2 i 2+ | Very mild dysuria, otherwise 
RH asymptomatic 














* +<patient still living at completion of this study (December 31, 1958). 
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Taste IX 


FOCUSED GRID TELECOBALT THERAPY CLINICAL DATA-——LUNG CARCINOMA 




















| - Total Dose i 
Type of Cancer | Stage, at Hole Treatment, Died 
j Center | Date 


i 









Unit So. Remarks 





Therapy xterrupted five we 
post-there py moderate expan: 
of left lung 


arcinoma of lung 





p 














Adenocarcinoma | 4,800 r | Treatment incomplete 


| 56 NF : 
‚of lung incomplete) 








| 80 NM Carcinoma of lung | 10,200T 2 3 
41 2 53 WM | Carcinoma of lung i 58 o 2 





with metastases 
ií( 9/38 o | 2 | o | Chest roentgenogram showed 
worsened condition 





$ WM | Carcinoma of 1 





12,000 T 








Chest roer tgenogram showed 
| worsened condition; right lower 
lobe atic 


7.500 Tr 


Carcinoma of lung | 
1 i (incomplete) | 












i Little rel.ef; Pancoast's syndrome 
e (die 












Carcinoma of lung | 15,ooor | 1/27/58 ! Eva 











Carcinoma of lung ; 15.000 r 2512.58 RBE No roentgenographic change 











7 WM | Carcinoma of lurg | _r2,ooor 2/21/38 3 o 
RE tss WM | Carcinoma of lung | 7,200 r 331758 4é o 







(incomplete) 





12,000 T 4; 7/88 i 





Ac-ge-b2 | 
JW. i 
-00 | s2 WM 


pr 



















Lived fowr days; treatment in- 
complete 


79 NM | Carcinoma of lung | 
i 





noma of lung 


, 3,000 T 1/30 89 
incomplete 





48 WM 





of lung | 12,000T | 55 5.58 2/14/58 o 2 | e 
Lee i | 





Much worse, subjectively and ob- 
ively 





: : : s = 


Carcinoma of lung 12,000 T 3.712758 o 7 





WM. 





23 lb.; able to drive car; 
ion 





Gained 
regre 


Em 
uA 





Carcinoma of lung j i r2.ooor | 7/31/58 








| Carcinoma of lung | 12,000 r Qí/1s/s8 LJO 3/88 | oO o Survived eighteen days 


(603 NM 
B 
Improved cc 1 
tively and objective 


(33 WM | Carcinoma of lung ] 10.800 r 930755 2 






p» 








| 64 WM | Carcinoma of lung | | 12,000f fo. 8/58 | if 






te 
re) 


| 60 WM | Carcinoma of lung | r2,ooor 


| Incompete treatment; died in 
eight da 


+ Carcinoma of lung 





re 
E 
H 
o 
o 


i,8oor 
ineomplete 


60 NM 





Tp |i Ex-60 | 56 WM Carcinoma of lung | 
GH 










Simulated abse of lung (died 


9/56) 





t2,ooof | 








| Roentgesograms showed wors- 
ened coadition 


T2,coor 





22 (15-92-46 | 63 WM | Carcinoma of lung 


HP: 








i 3,6cor 
incomplete 





33 | rg920 52 WM | Carcinoma of lung | | Incomplete treatment; died after 
i i | nine days 





46 NM | Carcinoma of lung Died 2:16/39 


62 WM f Carcinoma of lung 


| Markec reduction in size of mass 





* See faotnote to Table VIEL 
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* See footnote to ^ 


i Ti- 











David M. Gould, John W. Lane and Walter Mauderli 


FOCUSED GRID TE 


Unit No. Type of Cancer 





LECOBALT 





: Stage 


Apro 52 NE Carcinoma of cervix | 
FW 

13450602 0 37 NF: Adenocarcinoma of | 
RA i cervix 

13-5242 ;0 WE (| Adenocarcinoma of 
DE | uterus 

13-70-00 | 32 NF (| Carcinoma of cervis i 
RR 

E 62 WI Adenocarcinoma of 





; uterus 





d i66 ? Adenocarcinoma of 
MI | uterus 


$c 
$ 


Carcinoma of cervis 





denovarcinoma of 
; uterus 





inoma of cer 




















> uterus 





NE 











42 | 
róg | so NE | Carcinoma of cervix 
JB | i | 
14406-3605 44 NE Carcinoma of cervi 
j LM ! 


i Carcinoma of cervix | 


denocarcinoma of | 





03 | Carcinoma of ovary 
WL 
67 NF Carcinoma of cervix 
15-10-45 Sx WE Adenocarcinoma of 
MN | uterus i 


C arcinoma of ovary 
; with metastases to 
: liver and spleen 











15-42-0C | 70 Adenocarcinoma of 
LW ; uterus 
72-65 i 78 NF Carcinoma of pel 
CM | probably adenc 
! cinoma of uten 
-94o0 | Sarcoma of cervix 
MS i 


Table VIII. 
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Iv 


IV 


Iv 





THERAPY CLINICAL DATA~ 


‘Total Dose: 


at Hole 
Center 


t, 300 


12,000 


10,800 


12.000 
12,000 


13,000 


19,000 


15,000 


t2,000 


12,000 


12,000 


12,000 


9,600 


12.009 
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Tr 
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Tape X 


ncompletei: 








A 1 Sur- 

First oc | don vival) tive 
Treatment Pied Fac- Time: Index 
Date tor | (CT) iP 

APE imo XD 
Sat 1 19 Tot 
5 37 o 5 [s 
6/10/57 3 19 
6/24/57 & o Tt o 
76 WST 3 [b 84 
i f 
8/10757 7458 1r 
10/15/37 2 1 o 
ro; 1 18 
12/16/57 b; 3:58 I ó p 6 
i 
2/10/83 | 1 lE | 
i 
| i | 
2/18/58 1 n np 
3/10; 58 Y d og: ot 
44 2/58 oc 
0710.53 c E o 
Str, I 5 sc 
9; 3 poi 
Osis i 0 o ot 
10/27 3 i ot 
irf ir o o o 








"allia-: 


































































FEMALE GENITAL 


t TENCE 2.57 


nophorec tomy 


| able 


i operation Memphi : 






















| cer still pre 


| condition; s 
| found at operation, radical hys- 


Pain in rectum; 


JANUARY, 1961 


Pallia- 





TRACT 
Remarks 
Biopsy tise $7; irradiation; no 
tumor; gained 43 Ib; ?recur- 


38 


i Tower abdeminal Ascomfast 


i cm. polyp of endometrium; no 
gross tumor seen; radiation reat 
tion; did weil, remained 
asymptomatic; hysterosalpingo- 
8/23/57 








Surpr 





ngly little tumor found 


| &t operation; viable tumor in 


specimen; aaterior evisceration 


9 16 EU 








From December 7 to radars 
‘59 no symptoms; Viable, prob- 
adenocarcinoma two 





; months after therapy; hyster- 
;jectomy Oot 








ses ; when treated: 
nomatosis found i m 
sity 3 










peritoneal t 








No response: roentgenograms 
howec worsening condition 





rtheim's operation; grid ther- 
apy on right, homogeneous beam 
on lef 


. No complaints; obvious 
tumor present 


Aor ce lymph. nodes role: 
improved coasiderably but no 
recent follow. up 











; Grid therapy on ‘right side EN 


k 


. Swellen feet; i granular 
bleeding lesion on vagina; cam 
at 












Abdominal bloating; fistula be- 


| tween rectum and vagina 11/17 


58 


agina stenotic, cer- 





Feels well; v 
vix firm 
Patient did net return for com- 
pletion of treatment 








ellent 
were 


4/8 
ferectomy 


Died i in nine & 





biopsy, cervici 
relent regres 






no tumor 





tis, 


| sion of mass 
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Taste XI 
FOCUSED GRID TELECOBALT THERAPY 
CLENICAL DATA HEAD AND NECK CARCINOMA 
Palli- Palli- 
Age, ‘Total Dose First | ton i ative | 
No.: Unit So. |. Race, Type of Cancer Stage’ at Hole Treatment | Died Fac. Time. Index Remarks 
Sex i Center |. Date | Ptor 10D) | (P 
DOS (mo) XTi* 
1 zo NM Carcinoma of pharynx 17,000f | 12/ 5 12/1858 o o o | Patient died before completion 
of therapy 
2 ze NM | Carcinoma of tonsil 12,000 F 2044, r 11 ip 5 Died 2/5/50 
71 WM || Carcinoma of tonsil í. 8.600 T 09/23/58 | 11/19: 58 o 2 o 
tincomplete: 
60 WM Carcinoma of hard 12,co0r | 9 3 6+ | Extension into sinuses; residual 
palate | tumor present but no com- 
| plaints 
zo NF Carcinoma of hard 12,000 f r2; 1,38 o 1 o+ Very resistant tumor; no re- 
palate sponse 
23 NM Carcinoma of floor of | 11,000 Fr 7:21:58 8, 20,58 o 5 Tow Survived one month 
: mouth ; i i 
73 WE Carcinoma of buccal 10,000 f s; 8/58 | ro: 4558 i 1 |o s | Retreatment after convention- 
3 i : i i» | 
mucosa i | l al there 
6; NM Carcinoma of gingiva | 3,000 r 35 3/58 1/20/58 | 
(incomplete) 
Pa NF 12,000 F 1; 9:58 ion of huge 
65 WM | Carcinoma of maxil- 12,000 t | 12/IO/57 5/12/58 2 6 | 12 | Remarkable visible and roent- 
| lary sinus j 12,000 t i 7/58 | gen improvement 
|82 WM o Skin carcinoma on face 5,000 r KEG 8/24/58 3 Dramatic response 
15-06-92 38 WM | Basal cell carcinoma 12,000 T 5.12/38 2 8 selent initial result; recur- 
: CS | of ear | rence in December, 19 
NF Anaplastic varcinema, 12,900 r 210-58 gfty 38) 0 7 o Probably pelvic primary; 
metastasis to neck | lymphanzitis lung spread, 
| metastatic to brain 
so WM | Carcinoma of oral cav- 12,000 T 172158 7/20/58 I 3 1 
NM | Carcinoma of esopha- 12,000 f 6; 4/57 | 11/24/57 I 6 6 
| gus 
s; WM inoma of esopha- : 12,000 F 7.24757 i 10/25/57 1 | Remarkable objective im- 
mus | provement on roentgenograms 
WE Carcinoma of esopha- 12,000 r 6; 4758 I | Cervical esophageal carcinoma; 





| gus 





See footnote to Table VIEL. 


Cystoscopy showed that the left lateral and 
posterior bladder wall was involved by infil- 
trating rumor, On microscopic examination, the 
cells were seen to be highly anaplastic. She was 
referred for grid therapy. 

The following factors were used: Keleket- 
Barnes telecobalt apparatus; half value layer 
12 mm. Pb; so cm. skin source distance; field 
size with grid 13X13 cm.; 1 anterior pelvic 
portal. From January 16 to 29 the patient 
received 1,500 r each day to a total of 15,000 r 
as measured in air in the hole center. 

At the conclusion of her treatment there was 
no definite change, but within a month the 
symptoms disappeared and the urine was clear. 
In subsequent follow-up examinations, the 





| tumor regressed; follow-up 


patient was considered to be in excellent health 
without evidence of recurrence (P-3, T-12, 


PI-364-). 


Case n. BB 13-75-89 WM sg. Epidermoid 
Carcinoma of the Esophagus. On July 24, 1957, 
this patient was referred from the State Mental 
Hospital with a history of chronic cough, weight 
loss, fever of unknown origin, and general 
debility. He was suspected of having tubercu- 
losis. Tt was noted on the ward that he was 
refusing food and on several occasions had 
difficulty tn swallowing. Regurgitation was also 
noted. Except for emaciation and fever, the 
physical examination was nonrevealing. A 
barium swallow examination showed carcinoma 


David M. Gould, John W. 


Lane and Walter Mauderli | 


January, 1961 


Tase XII 


FOCUSED GRID TELECOBALT THERAPY 
CLINICAL DATA—MISCELLANEOUS NEOPLASMS 





































































































Total Dose First 
Type of Cancer Stage | at Hole | Treatment Died Remarks 
Center te 
Carcinoma of pros- 24 1/ 9/57 | 9/ 1/57 Insufficient therapy to evaluate 
tate, bone metastases (incomplete grid 
Adenocarcinoma of 12,000r | 10/22/57 Lymph nodes dramatically re- 
colon pals cud 7 
145755 Hodgkin's disease 12,000 r 1/13/58 Patient returned with involve- 
ment of cervical spine; tracheal 
| compression 
4 14-5246 Wilms's tumor with 12,000 T 1/20/58 | 4/22/58 | o 3 o 
lung metastases 
5 | 14-67-92 Carcinoma of pan- 12,000 r 3/11/58 2 9 | 18+ | Largeepigastric 
GM creas, islet cell 12,000 r 6/11/58 in size; recurred but did not re- 
spond as well with second 
course of treatment; died 1/29/ 
$9 
6 | 11-75-80 | 74 NM | Liposarcoma of scro- 12,000 r 6/16/58 3 6 | 18+ | At most recent follow-up doing 
JT tum | ; no resi mass 
—4 — 
7 [14-3391 | 55 WM | Lymphogarcoma 1,200 r 11/14/58 I 2 iT Onl 2 treatments; considera- 
sD _1,200T 11/17/58 t in one month’s 
(incomplete) time; died 1/13/59 
* See footnote to Table VIJL 


of the upper third of the esophagus. Thoracot- 
omy on July 10, 1957 revealed a carcinoma 
which involved the esophagus from the thoracic 
inlet to the azygos vein. The mediastinal and 
paravertebral lymph nodes were involved. 
Although the primary lesion was considered 
nonresectable, because of atelectasis of the 
right middle lobe, a lobectomy was performed. 
Microscopic examination showed poorly differ- 
entiated squamous cell carcinoma of the esopha- 
gus. 

The patient was referred for therapy, and it 
was elected to attempt palliation by grid ther- 
apy. The following factors were used: Barnes- 
Keleket telecobalt apparatus; half value layer 
12 mm. Pb; field size with grid 13X13 cm.; 50 
cm. skin source distance. A superior anterior 
midline chest portal was employed. A dose of 
1,200 r was given daily for a total of 12,000 r 
(July 31, 1957, to August 13, 1957). During the 
follow-up roentgenographic examinations, the 
esophagus showed remarkable improvement 
with the previously irregular, stenotic segment 
becoming smooth and patent (Fig. 3, £ and B). 
The patient was able to swallow food, but the 
over-all clinical picture was not considered good 
and he died on October 25, 1957 (P-1, T-3, 
PI-3). 


Case mt. TH 14-43-93 WM 65. Epidermoid 
Carcinoma of the Left Maxillary Sinus. The 


patient presented with a vague history of sev- 
eral months of swelling over the left cheek plus 
a bleeding sore below the right eye. Both of 
these areas had grown rapidly. Physical exami- 
nation revealed a 3 cm. circular ulcerated lesion 
over the right temple with a 1 cm. elevation. 
This lesion bled freely. Grossly, the face was 
asymmetric, with the left cheek protruding 2 
em. further than the right. Inside the mouth, 
the entire left superior alveolar ridge was re- 
placed by a 3X6X2 cm. elevated, granular, 
friable, easily bleeding lesion. Sinus roentgeno- 
grams revealed that tumor tissue had filled the 
entire left antrum, eroded the medial wall into 
the left nasal cavity, destroyed the floor of the 
left orbit, and dissolved and pushed out the 
anterior wall of the antrum so that several teeth 
were lying loose in the soft tissue. To prevent 
fatal hemorrhage, the left external carotid 
artery was ligated. Biopsy revealed poorly dif- 
ferentiated squamous cell carcinoma of the left 
antrum. 

The patient’s condition was considered com- 
pletely hopeless. He was accepted reluctantly 
in order to attempt palliation of bleeding, pain, 
and tumor size. The following factors were used: 
Keleket-Barnes telecobalt apparatus; half value 
layer 12 mm. Pb.; field size with grid 13X13 
cm.; £o cm. skin source distance; 1,200 r as 
measured in air through a port centered over 
the left antrum was given daily. A total dose of 





Q 


Pro. 3. Case 
olving upper one-third of esophagus. 





Carcinoma of esophagus. 


12,000 r vas administered from December ro to 
24, 1967. Midwav in the course of treatment, 
there was a noticeable decrease in the size of the 
cheek mass, and the patient had less pain and 
no bleeding. 

Two months following. completion of grid 
therapy, tae patient returned with a symmetric 
mo ev idence of tumor involvement, by 
gross or ^y roentgenogr aphie examination, in 
either the maxillay sinus or alveolar ridge. 

Four menths after treatment, the tumor was 
still not evident on the left side which had been 
treated. Koentgenograms demonstrated the left 
sinus to be essentially normal (Fig. 4,.7 and B). 








face and 





(B) Post-treatment roentgenogram. 
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GT) Pretreatment roentgenogram showing ragged tumor in- 


Note smooth «pen lumen. 


Physical examination and sinus roentgenograms 
revealed that the right antrum was now bulging 
with tumor. The patient suffered a cerebral 
vascular accident and, due to his inability to 
cooperate, the right side could not be treated. 
On May 7, 1958, the patient died in a nursing 
home (P-a, 1 T-6, Pia). 


IS 


Case rv, R » 1 48-62. Adenocarcinoma of the 
Cervix Stage This thirty-seven vear old 
Negro housewi fie was referred to the hospital 
because of intermenstrual bleedin ig and lower 
abdominal cramps. About eight months before 
admission, the patient first noted intermen- 


48 David M. Gould, John W. Lane and Walter Mauderli 
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Mic. 4. Case ur Carcinoma of left maxillary sinus. (4) Roentgenogram showing pretreatment destruction. 
(B) Roentgenogram showing post-treatment improvement of left antrum. 


strual spotting which was worse after inter- 
course. She had also developed a vaginal dis- 
charge. The patient said she had lost 20 pounds 
in weight and had increasing constipation. 

Examination of the abdomen revealed a 
symmetric enlargement due to a hard, fixed, 
non-tender, fairly smooth mass arising out of 
the pelvis and extending to the umbilicus. Pelvic 
examination showed the cervix to be replaced 
by a friable, hard, necrotic mass of easily bleed- 
ing tissue. There was extension from the vesico- 
vaginal septum to the introitus. The pelvis was 
filled with hard, fixed, non-tender masses and 
the zdnexae were not identified. Rectal exami- 
nation revealed marked narrowing and distor- 
tion 33 inches from the anus. Cystoscopic 
examination showed elevation and distortion of 
the bladder base, and sigmoidoscopic examina- 
tion showed fixation and narrowing from a mass 
exerring extrinsic pressure on the right anterior 
wall of the rectum. The nonprotein nitrogen 
was 27 mg. per cent; hemoglobin was 6 gm. per 
cent and hematocrit 21.5. A biopsy revealed 
aderocarcinoma of the cervix. 

The tumor conference considered surgery 
impossible and, although her condition was con- 
sidered hopeless, the patient was accepted for 
grid radiation therapy. The following factors 
were used: Keleket-Barnes telecobalt unit, half 
value laver 12 mm. Pb; £o cm. skin source dis- 
tance ;a 13X 13 em. grid was applied to the left 
and right anterior pelvis in two fields. Each side 
of the pelvis was treated on successive days to a 
total of 12,000 r in air delivered between the 


dates of May 27, 1957 and Julv 3, 1957. In sub- 
sequent visits the patient still complained of 
lower abdominal discomfort, but her bladder 
and bowel functioned normally. There was no 
bleeding. Pelvic examination revealed a large 
crater which replaced the cervix and was seen to 
be connected with the abdominal mass. The 
abdominal mass still filled the pelvis and lower 
abdomen to the umbilicus. The parametrium 
was frozen. Palliation was considered negligible. 
The patient died on September 23, 1957 at 
home (P-o, 1-4, Pl-o). 


Case v. WM 14-44-70. Carcinoma of the 
Lung. This patient was a fifty-seven year old 
white man who came to the clinic on December 
13, 1957 complaining of a chronic cough pro- 
ductive of purulent sputum for twenty vears 
but aggravated in the past six months. Dur- 
ing the last two months he had developed a 
precordial pain and smothering spells which 
he associated with his cough. The pain radi- 
ated to the shoulders. Anorexia, dysphagia, 
and a weight loss of 15 pounds were also noted. 
In recent weeks there had been some blood 
flecks in the sputum. This patent had been a 
heavy smoker —almost two packs a day since 
he was eighteen vears of age. 

Physical examination revealed a thin, slightly 
dyspneic white man who appeared chronically 
il, Distention of the neck veins and veins of 
the arm and chest was noted, as well as en- 
largement of the lymph nodes in the right 
supraclavicular region. The trachea was de- 


viated te the left. A chest roentgenogram re- 
vealed a mass in the right upper mediastinum 
7 cm. in diameter involving the right hilus and 
probably the superior vena cava. Bronchoscopic 
examination showed compression of the trachea 
from a mass on the right side. Biopsy revealed 
chronic inflammation but no tumor. A thor- 
acetomy on January 9, 1958 disclosed a large 
slightly aodular mass extending from the right 
hilus to the right superior mediastinum. The 
mass displaced the trachea to the left and in- 
filtrated the thoracic inlet. The surgeon did not 
consider the obvious tumor tissue resectable. 
Microscopic examination revealed necrotic 
debris, strands of fibrous tissue, and atypical 





cells. 

The patient was referred for grid telecobalt 
therapy and the following factors were used: 
Keleker-Barnes telecobalt apparatus; half value 
layer 12 mm. Pb; so cm. skin source distance; a 
grid portal 13X13 cm. was applied to the right 
anterior chest. From January 16 to 29, 1958, 
1,200 r per day was given toa total of 12,000 r 
as measured in air in the hole center. In subse- 
quent follow-up visits, although the mass had 
decreased in size as seen roentgenographically, 
and the obstruction of the superior vena cava 
had regressed, the patient was still considered 
to have negligible palliation because of dyspnea. 
He died on April 9, 1959 at home. No autopsy 
was obtained (P-o, T-2, PT-o?. 


Case vr. AP 15-95-68. Squamous Cell Car- 
cinome of the Hard Palate. The patient was a 
fftv-nine year old Negro woman who com- 
plained of swelling in the left jaw and pain of 
approximately five months’ duration. She had 
been referred by her family doctor with a diag- 
nosis of possible pterygoid abscess of the left 
jaw. Her health had been fair until June, 1955 
labourt six months before admission), when she 
noted a pain and tooth ache in the left upper 


jaw that became progressively worse. She had 
intermittent attacks of chills and fever. On 
physical examination her temperature was 
noted to be 102.6°F.; her breath was foul; and 
she appeared acutely ill. There was marked 
swelling and tenderness in the left upper jaw 
with a palpable mass extending deep into the 
subeutaneous tissues in the roof of the mouth. 
The mass was 3 cm. in size and extended to the 
zygomatic arch. Massive edema was noted on 
the left side of the face from the temple to the 
submaxillary area. There was associated tender- 
ness, redness and heat. Inside the mouth the 
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one remaining molar tooth was tender and 
there was a necrotic and fluctuant mass over 
the posterior alveolar margin, both medially 
and laterally. Incision and drainage were done 
and necrotic purulent material was found in a 
large cavity. Microscopic sections revealed 
poorly differentiated squamous cell carcinoma 
of the hard palate. 

The patient was accepted for grid palliative 

therapy. The following factors were used: 
Keleket-Barnes telecobalt unit; half value laver 
12 mm. Pb; so cm. skin source distance; a 
3X13 cm. grid field was direczed to the an- 
terior left side of the face. Doses of 1,200 r per 
day were given from December 1 to 12, 1955, 
for a total of 12,000 r in air in the hole center. 
On subsequent follow-up visits, there was no 
regression in the size of the tumor or allevia- 
tion of pain. In fact, both the pain and size of 
the tumor increased. Repeat sinus roentgeno- 
grams showed further left maxillary sinus in- 
volvement and bone destruction. The patient 
died on April 29, 1959 at home. No autopsy 
was obtained (P-o, T-1, Plot). 


CONSTRUCTION OF THE GRID 


The grid used on these patients was con- 
structed from a block of lead 10X 10 em. in 
area and 5.4 cm. thick (slightly less than 5 
half value laver for Co? radiation). 
Twenty-five holes 10 mm. in diameter are 
arranged in a square with ¢ holes on each 
side. The holes are focused bv diverging 
them toward the patient. The distance be- 
tween hole centers on the source side is 16.3 
mm. and on the patient side 19.3 mm. The 
ratio of lead area to hole area on the source 
side is 2.4:1 and the ratio of lead area to 
hole area on the patient side is 3.7: !. 


T 
DATA PERTINENT TO DOSIMETRY 


The projected grid area at so cm. skin 
source distance is 13X13 cm. The distance 
between projected hole centers at 50 cm. 
skin source distance is 27.4 mm. With an 
open field intensity (cone £15) considered 
to be 100 per cent, the rad:ation intensity 
in the hole center at 4 mm. depth of the 
phantom is 85.3 per cent. At a 4 mm. 
phantom depth, the intensity in the hole 
center drops to so per cen: at a radius of 
about 7 mm. around the hole center. The 
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ratio of the area with less than so per cent 
of maximum intensity to the area with 
more than so per cent is 3.9:1. The in. 
tensity in the peripheral holes compared 
to the holes in the center of the field drops 
off to per cent. The radiation between 
two adjacent holes of the lead block is 
13 per cent of that in the hole center. The 
radiation between four holes is only 7 per 
cent of that in the center of the hole. At 4 
mm. phantom depth, the ratio of mean in- 
tensity under the lead to that of the 
maximum in the hole center is 1:10. The 
same ratio at 19 cm. phantom depth is 
1:2.9. The ratio of the volume dose with 
grid to the volume dose of an open field 
equals 1:33. 

Our source originally had 1,100 curies 
and now has approximately 650 curies. The 
intensity of the radiation on the skin in the 
center of the hole is approximately 60 r 
per minute, and the time of delivery of a 
surface dose of 1,000 r is approximately 
sixteen minutes. 

A study was made of the intensity dis- 
tribution of radiation from one of the holes 
of the grid in the center of the field. By 
means of film dosimetry^? exposed at vari- 
ous depths of a phantom, a family of sym- 
metric distribution curves was obtained. 

A study of these curves showed that 
with increasing depth each succeeding 
curve becomes flatter. The curve shows a 
discrete grid pattern at superficial levels 
which becomes more homogeneous at deeper 
levels. 

It was clinically important to check 
whether, with repetitive treatments with 
the grid, it was possible to obtain a good 
grid pattern distribution in the body. Ac- 
cordingly, a film was placed underneath a 
patient and the grid was placed in the treat- 
ment position. One exposure was made and 
this film was used as a standard. The pa- 
tient was moved and the grid was reposi- 
tioned ten different times with the dosim- 
etry film adherent to the exit port. It may 
be noted that the registration of the grid 
pattern on ten different positionings was re- 
markably close to the grid pattern pro- 
duced with one exposure (Fig. 5). 
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BIOLOGIC EXPERIMENTS WITH GRID 
IRRADIATION OF MICE? 


We attempted to find out the biologic 
significance of the grid irradiation by using 
it to kill mice and then comparing that dose 
with the dose required using the homo- 
geneous beam. The so per cent lethal dose 
in 30 days time (LD 50/30) was about 700 
rand the LD so/30 for grid radiation was 
1,800 r. The ratio of the grid LD 50/30 to 
the homogeneous beam was 2.5: 1. 

Judging from this biologic end point, the 
clinical doses may well have been too small. 
In future clinical experimentation with ap- 
paratus with a high rhm, a higher total 
dosage should be investigated. 

The grid used in animal experiments was 
considerably finer than the clinical one. The 
ratio of the homogeneous volume dose to 
that of the grid was 2: 1. There is a real pos- 
sibility that a biologic sparing factor exists 
in favor of the grid, since a given volume 
grid dose equal to the homogeneous volume 
dose exerts a lesser biologic effect as in- 
dexed by the LD zo. For local irradiation, 
the sparing ratio may favor the grid even 
more. 


DISC 





ISSTON 


In this series of 87 cases of cancer, the 
disease was so advanced that under 
ordinary circumstances the raciotherapist 
would not have accepted the patient for 
treatment. Conventional therapy has some 
disadvantages. The duration of treatment 
is long compared to the short life expect- 
ancy. Frequently there is aggravation of 
pain and suffering due to local reaction. 
There is also generalized malaise due to 
massive destruction of tumor cells as well 
as diminished viability of normal tissues. 
Occasionally, with conventional therapy, a 
paradoxical cure is obtained—the tumor 
tissue is destroyed but the anatomic and 
physiologic integrity of a vital organ is dis- 
turbed sufficiently to cause death. 

In telecobalt grid therapy, it has been 
possible to deliver a relatively large dose of 
radiation within a period of ten treatment 
days. Many of the patients experienced re- 
lief of pain and hemorrhage and showed 
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Fic. 5. À registration comparison of dose measurements during 1 exposure with those during 10 exposures 
by means of film dosimetry. 


markec regression in tumor size. Some of 
tie organs involved returned to a more 
normal function. This method of treatment 
contributed little or no discomfort to the 
patient during or after treatment. The ad- 
vantages of this method have made it 
feasible to accept many more patients with 
advanced cancer. While it is probable that 
tie longevity of the patient has not been 
improved to any great degree, the treat- 
ment has added considerably to his com- 
fort. 

The exact biologic mechanism of this 
mode of therapy is speculative. The non- 
homogeneity of the grid radiation pattern 
may be analogous to a geometrically per- 
fect radium implant (Fig. 6). It is well 
known that radium implants can give 
striking therapeutic results in the treat- 
ment of cancer. 

The one feature that both the radium or 
cobalt implant and grid therapy have in 
common is a cyclical pattern of energy ab- 
sorption in the tissue. Both methods have 
high gradients in the dose distribution. 

It is rather remarkable that the measure- 
ment of the dose distribution in grid 
therapy 1s close to the calculated dose dis- 


tribution of a needle implant. One calcula- 
tion through the midplane of a needle im- 
plant vielded a ratio of approximately 1:5 
when the area of more than so per cent of 
the maximal dose was compared with the 
area of less than so per cent of the maximal 
dose. The same ratio with grid therapy was 
approximately 1 :4. 

With grid therapy, the gradients are 
higher in the superficial structures and 
have a tendency to diminish in the deeper 
structures. The superficial tissues are thus 
spared to a greater degree than the deeper 
tissues. The grid pattern with telecobalt 
therapy is maintained at much greater 
depths in the tissue than with the conven- 
tional grid therapy. Preliminary data in 
animal experimentation indicate that there 
may be a biologic sparing factor which is in 
favor of the grid. It is not inconceivable 
that grid therapy may work by killing 
enough tumor cells to release sufficient 
antigens to elicit immune responses to 
cancer cells bv adjacent normal cells and 
the immune mechanisms of the body. 
Pending biologic proof, it must be assumed 
that the grid telecobalt therapy increases 
the beneficial gradient between killing the 
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Fro. 6. An analogy can be drawn between radium needle implants and grid therapy. Note similarity of 
dose gradients of grid in Figure 5. 


cancer cell and sparing the normal cell. It 
is agreed that some cancer cells do not re- 
ceive much radiation and will remain 
viable. Even if neoplastic cells remain 
viable, the tumor bed and the humoral and 
cellular defense mechanisms may be so 
modified that the tumor becomes incapa- 
ble of further growth and aggression. 


SUMMARY 


A series of 87 cases of advanced cancer 
was treated with focused telecobalt grid 
therapy. Fifty-one patients (59 per cent) 


experienced appreciable to striking pallia- 


tion. No palliation was observed in 36 pa- 
tients (41 per cent). The best palliation re- 
sults were in patients with carcinoma of the 
bladder (78 per cent) and the least im- 
pressive in patients with carcinoma of the 
lung (36 per cent). 

David M. Gould, M.D. 

Professor and Head 
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University of Colorado Medical Center 
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MOVING-BEAM THERAPY WITH COBALT 60: 
ITS ADAPTABILITY TO THE LESION 
SHAPE TO BE TREATED* 
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and C. W. WILSON, M.Sc., 


PH.D., EF. Exss. P. 


Physics Department, Westminster Hospital 
LONDON, ENGLAND 


i E concept of moving-beam therapy, 
either as arc therapv or as rotation 
therapr, was first brought forward and 
partly explored as early as 1914, and ac- 
counts of this type of therapy have ap- 
peared in the literature from time to time 
leg., Dessauer ef al? 1937; Flax, 1937; 
Hawlev,* 1940; Munson," 1946). The wider 
practical application of the method, how- 
ever, has only a few vears' history (O'Con- 
nor," i946; Fowler and Farmer, 19:7; 
Morrison et al}? 1957; Varmer,? Fowler,’ 
Chance,? Snelling and Stern”, 1958). This 
developed, initially, against the back- 
ground of roentgen therapy pursued with 
what we now regard as relativelv low, con- 
ventional roentgen-ray energies, ranging 
from 2co- 250 kv. Its purpose was primarily 
to Improve upon the tumor dose values, 
relative to skin dose, that can be obtained 
bv multiple-beam techniques with this tvpe 
of radiation, especially for such deeply 
seated and approximately centrally situ- 
ared sites as the esophagus. 


It happened that while the methods of 


moving-beam therapy and the associated 
techniques fer dose computation were 
becoming a practical possibility, supervolt- 
age apparatus, using either roentgen-rav 
generators or, more simply, highly active 
radioisotope sources, were ise becoming 
more readily available. It was probably 
inevitable, therefore, that moving-beam 
supervoltage equipment soon came ie 
production (e.g., Braestrup e al, 1953) and 
this possibly without much hatin: as to 
whether the marriage between the move- 
ment of the beam and the beam itself was 
a marrmge only of convenience, or of real 
additional the-apeutic value. 
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There is a school of thought that consid- 
ers the use of a moving-beam unnecessary 
for supervoltage therapy with beams of 
cobalt 60 gamma radiation or roentgen ravs 
generated at 2 million volts or more. This 
school considers that with this radiation it 
is possible, by means of ordinary, but well 
planned multibeam techniques, to deliver 
completelv adequate tumor doses to all 
sites without undue skin reaction. It sees 
little point, therefore, in adding the possible 
complexities and certain extra expense that 
moving-beam apparatus entails. 

We must admit that, until we had per- 
sonal experience with moving-beam super- 
voltage therapy, we also subscribed some- 
what to this school of thought, but we must 
add that our reservations about the addi- 
tional value it might have were also 
influenced by other considerations of a very 
different character. 

It had seemed to us that, unless it is 
properly used for the most suitable cases 
moving-beam therapy (expecially simple 
rotation therapy) carries with it the danger 
of attempting to fit the patient (or rather 
his disease) to the apparatus. This would be 
contrary to all the progressive development 
that has occurred in radiotherapeutic phys- 
ics, which emphasizes the fitting of the 
apparatus (or rather its beam) to the pa- 
tient. We were thus obliged to question 
whether a moving-beam apparatus would 
be applicable, as such, to more than a 
minority of the patients treated with it. 
Indeed, this question, either deliberately, 
or subconsciously raised, is possibly behind 
the attempt that is made on much moving- 
beam equipment to provide facilities also 
for fixed beam therapv. 


+ 
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Pia. 1. The theratron rotating Co? unit. 


After nearly two years of experience with 
moving-beam supervoltage therapy with a 
cobalt 60 beam, we now realize that, pro- 
vided sufficient attention is given to the 
physical planning of individual patients, it 
is possible to achieve a very wide, con- 
trolled range of dose-contour patterns such 
that very many patients may be treated by 
this form of therapy with distinct clinical 
advantage. It is the chief purpose of this 
paper to describe and illustrate a series of 
techniques for treating a variety of disease 
sites of different areas and shapes, in order 
to demonstrate this point. 


THE MOVING-BEAM APPARATUS 


The apparatus we have used 1s a thera- 
tron containing 1,750 c of cobalt 60 origi- 
nally and made by Atomic Energy of 
Canada, Ltd. This apparatus (Fig. 1) 
readily permits rotation and arc therapy as 
well as other more complex procedures that 
we have not used as yet. 


METHODS OF DOSE AND DOSE 
CONTOUR COMPUTATION 


For the computation of dose and of the 
dose contours that represent the total dose 
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distribution throughout the treated tissues, 
due to anv particular rotation or arcing 
technique, we have found it preferable to 
apply the methods developed by Jones and 
his colleagues.’ Originally, one of the disad- 
vantages of rotation and arcing tech- 
niques had appeared to be the complexity 
of computation of complete dose distribu- 
tions. These workers, however, have made 
it clear that with Co*? gamma radiation, or 
other equivalent radiation, many of the 
expected difficulties do not arise. 

At first our computations were based 
upon our own measured dose contours ex- 
pressed in the usual way with the maximum 
ionization (at o.5 cm. below the treated sur- 
face) taken as 100 per cent. Atomic Energy 
of Canada, Ltd. has since produced care- 
fully measured dose contours, in which the 
dose at the center of rotation is expressed as 
roo per cent. We now prefer to use the lat- 
ter since these permit more accurate inter- 
polation. 


LOCALIZATION OF DISEASE SITE AND 
AREA TO BE TREATED 


For the determination and evaluation of 
a technique for treating any particular area 
at a given site, the first requirement is a 
suitable, accurate, anatomic contour of the 
patient, reproduced on paper, with the area 
to be treated precisely marked within the 
contour. 

In practice the anatomic contour is ob- 
tained by means of one or other pieces of 
apparatus which need not be described 
here. The methods used for localization of 
the treated area within the contour depend 
upon the actual site of the disease and 
include palpation and direct measurement, 
direct radiography with or without radio- 
paque markers introduced at known posi- 
tions, cystography with the patient in the 
treatment position, etc. 


DECISION UPON AND EVALUATION OF 
TREATMENT TECHNIQUE 
The treatment technique used is deter- 
mined and evaluated with reference to the 
contour obtained as above. Initially, this 


. 


was a rather slow and tedious process 
because several possible techniques had 
sometimes to be examined before the most 
desirable one was found. However, with 
experience and the accumulation of data 
that may be used repeatedly, it is now pos- 
sible t» arrive at a satisfactory technique 
relatively quickly. 

The complete dose-contour system for 
any sen technique is determined by 
means of the methods already referred to 
(Jones ef al,” 1956) and the daily dose, 
treatment time, etc., are specified in the 
light of these contours. It is our aim in pro- 
ducing a suitable technique, to include the 
area to be treated as accurately as possible 
within the 80 per cent dose contour, where 
reo per cent is the maximum dose delivered 
within the treated area. 








PRACTICAL REALIZATION OF 


TREATMENT TECH 


PLANNED 
NIQUE 


Thar all patients are treated lying down 
and that the beam may easilv be rotated 
into arr position make the accurate realiza- 
tion of a desired moving-beam technique 
simpler than is the case with ordinary fixed 
beam techniques. The essential require- 
ment, of course, is that the center of rota- 
tion of the beam be correctly positioned 
within the patient. 

At the time of the first treatment of a 
jent, by means of a specially de- 
signed bridge that fits temporarily onto the 
treatment couch and over the patient and 
using the beam-defining D beam-exit 
light indicators, a number of surface mark- 
ings are made on the skin which enable one 
to posmion the patient correctly on this and 
future occasions. The whole of this proce- 
dure is greatly facilitated by the motorized 
movements of the couch which enable the 
patient to be moved very easily and quickly 
in any desired direction. 








SOME EXAMPLES OF VARIOUS 
TECHNIQUES 
1. Treatment of Carcinoma of Uvula by 
Full 360? Rotation. The field used was 4 cm. 
wide (X8 cm. long) at the center of rota- 
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Fic. 2. Basic 360° rotation treatment of the uvula, 
tion. Figure 2 shows the dose distribution 
obtained with full 360° rotation. This is a 
typical distribution for full rotation— 
almost circular dose contours and a rapid 
fall of dose with distance from the center of 
rotation. In this and the following illustra- 
tions the area to be treated is delineated bv 
the broken line. 

Treatment of Carcinoma in the Naso- 
pharynx Using One Rotation C enter and Two 
Equal Arcs. This case (Fig. 3) illustrates 
how the dose contours may be made oval in 
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Fic. 3. 


One center equi-arc rotation cycling for 
treatment of the nasopharynx. 
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Fie. 4. Two center equi-arc rotation cycling for 
treatment of the bladder. 


shape for the treatment of a limited volume 
of that shape, lying within the head or neck. 
Two lateral arcs of rotation are used with 
one common center of arcing. Each arc is of 
120°, the central anterior and posterior 
regions of 60°, each being omitted from the 
treatment. The dose distribution shown is 
for a field 6 cm. wide (and 8 cm. long) at the 
center of rotation. 

3. Treatment of Carcinoma of the Bladder 
and Carcinoma of the Cervix by Means of 
Two Equal Arcs about Two Different Centers. 
This kind of technique is especially useful 
when a large and approximately oval area is 
to be treated within the pelvis. 

Figure 4 illustrates its application to the 
treatment of the whole bladder, this custo- 
marily being the objective at Westminster 
Hospital in the radiation treatment of 
carcinoma of the bladder. The field size 
used in this case is 10 cm. wide (X12 cm. 
long) at the center of arcing. The fall off 
of dose towards the rectum is fairly rapid 
and the bladder is covered very adequately. 

Figure 5 shows.the use of the same princi- 
ple for treating carcinoma of the cervix so 
that tissue out to the pelvic wall is included 
in the (80 per cent dose level) treated area. 
The arcing centers are more widely sepa- 
rated than before in order that the required 
larger volume is encompassed satisfactorily. 
In this example, the field is 10 cm. wide 
(X15 cm. long) at the center of arcing. 

This technique is being applied to a series 





January, 1961 








Frie. 5. Two center equi-arc rotation cycling for 
treatment of the cervix uteri. 


of advanced cases as the method of treat- 
ment, no intracavitary radium therapy 
being used. 

4. Treatment of Extensive Carcinoma of 
Floor of the Mouth by Means of Two Unequal 
Arcs about Two Different Centers. This case 
called for irradiation of an area of consider- 
able magnitude and elongation which 
extended almost to the skin surface. It is of 
interest also because the latter feature 
would normally lead one to consider that 
little is to be gained by the use of moving 
beams. 

Figure 6 shows the dose distribution 
actually obtained by the use of two differ- 
ent centers of arcing and two different 


Fic. 6. Two center rotation cycling with two unequal 
arcs for treatment of an extensive area of the 
floor of mouth. 
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Fic, 7. Combined distribution for treatment of a 
recurrence in the vagina and a lymph node mass 
in the deft groin (Figures 8 and y combined). 


ares. Phe field used was 6 cm. wide (X10 
cm. long) at the arcing centers. 

s. Au Attempt to [rradiate Two Separate 
Treas ey Means of a Common Technique. In 
this case of recurrent carcinoma of the 
vagina and a lymph node mass in the left 
groin, an attempt was made to devise a 
moving beam technique that would treat 
both these areas effectively. 

The final dose distribution obtained is 
shown in Figure 7 where the two distinct 
zones of effective dose mav be seen. This 
was achieved bv what is really the summa- 
tion of two separate techniques, each along 
the lines of those alreadv described. Each of 
these uses two different arcs and one center 
of arcing and the dose distributions due to 
them separately are shown in Figures 8 and 
9, in which the field sizes are to cm. in 
width (X15 cm. in length) and 6 cm. in 














Fic. 8. One center rotation cycling with unequal 
arcs to treat the recurrence in the vagina (see 
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hic. 9. One center equi-arc rotation cycling to treat 
the lymph node mass (see Fig. 7). 


width (X15 cm. in length), respectively, at 
the arcing centers. 


GENERAL REMARKS 


In all these techniques the emphasis has 
been upon the plane of rotation or arcing 
and the field used has been made suff 
ciently long to include the diseased tissue 
adequately in the direction perpendicular 
to this plane. Although we have not vet 
been able to pursue this aspec: of the prob- 
lem, it may be possible, bv further elabora- 
tion of beam movement which the appara- 
tus will in fact permit, to fit dose contours 
fairly closely to the disease in three dimen- 
sions. 


SUMMARY 


A series of moving beam techniques for 
treating a variety of disease sites of differ- 
ent areas and shapes, achieved bv indi- 
vidual patient planning, is described. The 
very wide range of dose contour patterns 
which can be produced is arrived at bv 
using multiple arcs and centers of rotation; 
thus a greater number of tumor sites may 
best be treated by a rotation technique 
than would first appear. 


Dr. C. W. Wilson 

Westminster Hospital 

Physics Department 

St. John’s Gardens, London, S.W. 1, England 


We wish to acknowledge our indebtedness to 
Miss Nancy Legg, M.S.R.T., who carried out 
many of the computations necessary to deter- 
mine the dose distributions we have shown. 
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COBALT 60 TAGGED B, AS A DIAGNOSTIC TOOL 
IN THE GENERAL ISOTOPE LABORATORY 


By D. R. GERMANN, M.D.* 


KANSAS CITY, KANSAS 





D' ING the past seven years there have 
been many reports on the use of Co*? 
tagged B,» as a diagnostic tool.??5-5 10.12 
It has been used bv the gastroenterologist 
to evaimate intestinal tract absorption; the 
hematologist uses the study to evaluate 
hyperchromic anemias, and the neurologist 
and neurosurgeon use it when combined 
systemic disease is suspected. However, 
there have been no reports from a general 
isotope laboratory of its use in unselected 
cases. In presenting our material it is hoped 
that « clear-cut abnormal range can be 
identitied. Also some of the pitfalls of the 
test will be pointed out for those planning 
to use it. 





METHOD 


All our studies were done by the urinary 
excretion method. The work of MacLean 
and Eloch? has shown this to be a valid 
technique. We have followed basically the 
Schillmg procedure." Our test meal con- 
tains &.25 ug. of Bi», and this in turn con- 
tains 6.25 uc of Co? radioactivity. Schilling 
originally used 2 ug. of Bis and 0.5 uc of 
Co!’ Both of these test meals are in the 
phvsiclogic range”? According to Glass 
and associates,^? the absorption efficiency 
is best when the dose is under 2 ug. of 
vitamin Bis. The test meal was given only 
to patients fasting at least eight hours. No 
additional food was permitted until the 
1,000 ug. flushing dose was given two hours 
later. Regular meals were then allowed. 
Barium does not alter the test All urine 
was collected over the next twenty-four 
hours and counted in 1,000 cc. aliquots and 
compared to a standard containing 20 per 
cent ef the administered dose. Cobalt 58 
Bi; may have advantages but we have had 
no experience with it. 





MATERIAL 


A total of 624 tests has been done. These 
patients have been referred to us by differ- 
ent services as shown in Figure 1. This is à 
reflection of interest and patient turnover 
on the respective services. It reflects a 
cross section of a general hospital. 


RESULTS 

The over-all results are shown in Figure 
2. It will be noted that with zhe exception 
of the 2 per cent or less column, the results 
follow a uniform distribution curve. It 
logically follows that patients with an ex- 
cretion rate of 2 per cent or under are ab- 
normal. However, the 3 to 4 per cent group 
also deserves analysis. Of 36 patients 1n this 
latter group, 2 were felt to have pernicious 
anemia. No definite explanation or con- 
sistent diagnoses could be established in 
the others. 

Of the 101 cases showing an excretion 
rate of 2 per cent or less, all were abnormal 
with the exceptions to be mentioned. Not 
all were checked with repeat studies and in- 
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Vie. 1. Distribution of requests by various services 
Co"? B,» excretion test. 
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31 E 
Fic. 2. Over-all results of Co*? Bis excretion test. 
trinsic factor. One low test 1s sufficient for 


the diagnosis of pernicious anemia if this 
correlates with the clinical findings. Fifty- 


three of these cases were re-checked with. 


intrinsic factor. The results are shownin 
Table 1. Linitis plastica and total gastrec- 
tomy will produce results the same as per- 
nicious anemia.5 Three cases with question- 
able final diagnosis are listed in Table rr. 
Cases 35 and 38 were listed in this group 
because we insist on the absence of free 
gastric hydrochloric acid for diagnosis of 
pernicious anemia. Case 22 may be per- 


nicious anemia, but is so confusing we felt. 


it should remain in this category. 

The group subsequently proved normal 
also deserves comment. These cases oc- 
curred consecutively and aroused our 
interest. We felt that there existed some 
fault in the cobalt" tagged Bi; supply. 
Repeat studies with a new shipment gave 
normal findings. Smith? has subsequently 
reported that radioactive Biz may be un- 
stable. 

Other sources of error include failure to 
give the flushing dose of nonradioactive B 
and an incomplete urine collection.!? Food 


Taste I 


RESULTS OF 53 CASES STUDIED WITH 
Co“ Bie AND INTRINSIC FACTOR 








Pernicious Ánemia 31 
Malabsorption Syndrome 11 
Linitis Plastica 2 
Subsequently Proved Normal 6 
Diagnosis Still Uncertain 3 
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Taste II 


CASES IN WHICH DIAGNOSIS WAS UNCERTAIN 








Case22 No anemia, no HCI, minor neurologic 
changes but also has diabetes and syphilis 


Case 35 Neurologic consultation reported combined 
system disease but had free HCI 


Case38 Had free HCl, hyperchromic anemia and 
splenomegaly 





or Bj; ingestion within eight hours of the 
test will also alter the results! If any of 
these factors are in doubt the test should be 
repeated, 


SUMMARY 


In the past there have been articles indi- 
cating that the excretion percentage of Cos? 
tagged Bi; may be abnormal by as much as 
13 per cent." The distribution of results in 
our relatively large series would imply that 
only patients excreting 2 per cent or less are 
definitely abnormal. Those excreting 3 to 4 
per cent are a border-line group which may 
be abnormal but usually is found to be 
normal, with some technical error occur- 
ring in the test. Certainly 5 per cent or 
above should be considered normal. The 
test is extremely valuable in the evaluation 
of patients with neurologic, hematologic 
and obscure gastrointestinal disease. 


University of Kansas Medical Center 
Rainbow Boulevard at 39th Street 
Kansas City 12, Kansas 
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INTRACAVITARY RADIOGOLD THERAPY* 
A CRITICAL APPRAISAL OF ITS VALUE 


By CHING TSENG TENG, M.D., and SANG YEUNG HAN, M.D. 


HOUSTON, TEXAS 


COLLOIDAL solution of radioactive 

gold was successfully prepared and 
used in animal experiments by Hahn and 
co-workers”? and employed in the treatment 
of malignant effusions in serous cavities in 
human patients by Muller!^!* in 1947. 
Many reports have since appeared in the 
literature.!:3:4:7:9.10,14,16, 16,10, 21, 22, 28, 25 It is 
agreed that intracavitary radiogold therapy 
is not a curative treatment of cancer, but 
merely a palliative measure primarily for 
the reduction of fluid formation due to car- 
cinomatosis, and that its usefulness is lim- 
ited to carefully selected cases. Rather rigid 
criteria for the selection of patients have 
been advocated.^*!9:192 These, however, 
have seldom been heeded and various au- 
thors have lamented that their results could 
have been better had they selected their 
cases more strictly.59:101519,2525 Tt would 
seem of considerable importance to know 
why this is so and how the therapeutic re- 
sults may be affected. This information is 
sought in the following analysis of our series 
of 43 patients which is presented with other 
pertinent observations worthy of comment. 


CLINICAL DATA 


A total of 43 patients received intra- 
cavitary radiogold therapy: 17 for pleural 
effusion; 20 for ascites; and 6 for preventive 
treatment following discovery of peritoneal 
implants or spillage of cystic tumor content 
at laparotomy. 

The sites and incidence of primary 
tumors in patients with pleural effusion are 
listed in Table 1; those in patients with 
ascites in Table 11. All of the 6 patients re- 
ceiving preventive treatment had ovarian 
carcinomas. 

The diagnosis in each patient was estab- 
lished by histologic examination of either 


Tase I 


PRIMARY TUMORS IN PATIENTS WITH 
PLEURAL EFFUSION 














Site of Primary Tumor No. of Patients 
Lung 7 
Breast 4 
Ovary 3 
Unknown 2 
Pleura I 
Total 17 








the fluid or the tissue removed at operation 
or by biopsy or both. The importance of 
pathologic diagnosis has been emphasized 
by all workers because: (a) benign effusions 
may occur in cancer patients with asso- 
ciated cardiac, renal, hepatic, or nutritional 
diseases; and (b) benign effusions do not 
respond to radiogold treatment as a 
rule.15.16.19 


INDICATIONS AND CONTRAINDICATIONS 


We believe that the criteria of Andrews 
et al? are reasonable and realistic indica- 
tions for intracavitary radiogold therapy. 
'These may be summarized as follows: (1) 




















Tasre IT 

PRIMARY TUMORS IN PATIENTS WITH ASCITES 

Site of Primary Tumor No. of Patients 
Ovary 7 
Unknown 4 
Appendix 3 
Stomach 2 
Uterus 2 
Colon I 
Prostate 1 
Total 20 








* From The Department of Radiology, Baylor University College of Medicine and Jefferson Davis Hospital, Houston, Texas. 
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absence of symptoms due to neoplasm 
other than those related to effusion; (2) 
duration of effusion for several months be- 
fore treatment; (3) absence of masses or 


lesions palpable or visible by roentgen-ray 
examination; and (4) absence of severe 
anemia and malnutrition. 

Our experieace indicates that these cri- 
teria have not been followed in many in- 
stances, with tae predictable result of many 
failures. 


SELECTION OF PATIENTS 


Inasmuch as the Isotope Service sees 
only referred patients, the referring physi- 
cians of various clinical departments have 
the oppertunity of preliminary selection of 
patients for radiogold treatment. In this re- 
spect, eur experience indicates that, with 
a few exceptions, the referring physicians 
fall into two groups. There are those who 
refer all patients with effusion and those 
who refer none at all. It is our impression 
that the latter group may not know of or 
does not believe in this form of therapy. As 
a consequence of nonreferral, a number of 
patients suitable for radiogold therapy are 
denied the possible benefit without a con- 
sultation. The former group may honestly 
believe in the usefulness of radiogold 
therapy under a// circumstances or, not in- 
frequently, may just want to have every- 
thing possible done for their patients. 

Of the referred patients, the final re- 
sponsibility of selection rests with the iso- 
tope therapist. The decision with regard to 
indication for radiogold therapy should be 
based wpon careful evaluation of the total 
picture of the patient: his disease, his 
symptomatolozv, and his prognosis. Good 
judgment depends upon absolute objectiv- 
ity as well as sound experience. However, 
the isotope therapist may be pressed and 
temptet to give treatment even though the 
indication may not be clear in his better 
judgment. Treatment may be urged bv the 
referring physician pleading for something 
to be dane and arguing that nothing can be 
lost. Occasionally, the patient's family may 
express the desire for radiogold therapy. 
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Consequently, some patients receive radio- 
gold therapy when little or no palliation 
could be expected. 


METHOD OF ADMINISTRATION 
DIAGNOSTIC SCAN 


AND 


A number of methods and equipment for 
the administration of radiogold have been 
advocated. #12 We have adopted the 
simplest. The body cavity involved is 
tapped with a special 13 gauge trocar; as 
much fluid as possible is removed. A thin 
polvethylene tubing is threaded into the 
body cavity through the trocar, which is 
then withdrawn. By gravity displacement, 
the radiogold solution is flushed through 
the polyethylene tubing into the body cav- 
ity with a small volume of sterile normal 
saline solution. 

Before the therapeutic dose of radiogold 


be given and a preliminary scintiscan is 
made after adequate distribution has been 
obtained. The polyethylene catheter is re- 
tained while the scan is being made. 

This procedure is especially useful in 
cases where loculation is suspected. If the 
preliminary scan shows undesirable dis- 
tribution or loculation, the therapeutic dose 
may be reduced or the treatment cancelled. 

If the scan shows satisfactory distribu- 
tion of the tracer dose (Fig. 1, Æ and B), 
the full amount of the therapeutic dose may 
then be given through the retained cath- 
eter. The puncture wound seldom requires 
suturing. A colloidin seal and a tight dress- 
ing are usually sufficient in preventing leak- 
age. 

DOSAGE AND TREATMENT SCHEDULE 

The average single dose of radiogold 
given to our patients was 75 mc for pleural 
effusion and 150 mc for ascites. 

A number of patients received more than 
one treatment. The reasons for multiple 
treatments are: (1) fractionation, (2) in- 
volvement of multiple cavities, and (3) re- 
treatment. Our data are summarized in 
Table ut. The number of cases is too small 
to warrant further discussion. 
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Fic. 1. Photoscintiscans of chest and abdomen following intracavitary radiogold injection. (,7) Chest scan 
of a patient with inoperable mesothelioma and pleural effusion made after a tracer dose of radiogold 
showing satisfactory distribution. Note left cardiac border and mediastinal displacement, (B) Abdominal 
scan cf a patient with ovarian carcinomatosis and ascites showing satisfactory distribution of radiogold. 
Note outline of liver. 


RESULTS AND COMMENTS 

It is recognized that the administration 
of 50-280 mc of radioactive gold into a 
pleural or peritoneal cavity with malignant 
effusion has no curative effect on the malig- 
nant d:sease. Its only palliative effect is the 
reduction or stoppage of fluid formation, 
and this is the sole objective of the treat- 
ment. 

On this score, the results of therapy are 
rated as excellent, equivocal, or nil. Ex- 
cellent result denotes marked reduction of 
fluid formation requiring, at most, one or 
no more tapping in patients surviving 
three months or longer. Equivocal result 
denotes patients surviving less than two to 
three months with only dubious change in 
the rate of fluid accumulation. Nil result 
denotes patients surviving less than one 
month with little or no change in the rate 
of fluid formation. Table rv shows the re- 
sults in our cases. The figures are in accord 
with those reported in the literature. The 
high percentage of patients receiving 


doubtful or no benefit is largely attribut- 
able to the brevity of survival. Thus 9 of 17 
patients with pleural effusion and 10 of 20 
patients with ascites were dead within two 
months after the administration of radio- 
gold (Table v). These earlv deaths were 
attributable primarily to the advanced 
stage of cancer. The clinical picture of 
cachexia, anemia, pain, etc., should have 
contraindicated radiogold therapy. If these 
cases had been excluded by proper selec 
tion, the figures would have shown 4 of 8 
patients with pleural effusion and 6 of to 
patients with ascites demonstrating excel- 
lent response to radiogold treatment. 

Further scrutiny of our data reveals that 
almost all of the patients with efusion of 
acute onset, short duration and rapid re- 
accumulation were dead within three 
weeks after the radiogold injection (Table 
v1). The uselessness of giving treatment to 
these patients at all is brought sharply into 
focus. 

The data on the presence or absence of 
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Tague IH 





for Mu- | Case | 





Reas Primary — Efu- 
tiple Treatment | No. Tumor Site, sion 







I ! 


| Ovary 








MK Ascites 

| 023 Ovar | Ascites 

p Ovary | Pleural 

1 Ovary | Ascites 

| Pleural 

3 | Ovary | Pleural 

| ; (right) 

| Pleural 

| (left) 

Repeated Treatment 4 Ovary | Ascites 

Ls Ovary | Ascites 

| 6 | Stomach | Ascites 

| 7 | Appendix | Ascites 
| | | 

LR | Unknown | Ascites 

| 9 | Breast | Pleural 

| 1o | Breast Pleural 

| ut | Lung | Pleural 
1 | i 
| | i 

| 12 | Lung | Pleural 

| a3 | Pleura | Pleural 

Pleural 





14 | Unknown 


demonstrable tumor mass in the peritoneal 
cavity in 20 patients with ascites are sum- 
marized in Table vit. Seven of 10 patients 
with demonstrable mass were dead within 
2 months while 4 lived 3-12 months. Of 

patients without demonstrable mass, 3 
died within 2 months; 3 survived 13-16 
menthss and 3 are still living without 
ascites after radiogold therapy. 

Of the 17 patients who have died of peri- 
toreal carcinomatosis, 4 had received 
racium and/or roentgen-ray irradiation of 
the pelvis and 13 had not. Of the untreated 
group, to were dead within 2 months, 
while al 4 of the treated group lived con- 
siderably longer (Table vii). It is interest- 
ing to nete that the radiotherapists wisely 
withheld radiation therapy from the 13 pa- 
tients because of the gravity of their condi- 


tion. 





ARY OF MULTIPLE INTRACAVITARY INJECTIONS OF Au 
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and Schedule | 
f mM Total — | Results 
| (mc) | (me) | nterva | 
so | 174 | Weekly | Excellent 
74 174 | Weekly ONG 
6o | 188 | Weekly | Excellent 
74 | so | so |o0174 | Weekly | 
34 i 94 i 6o | 188 | Weekly | 
so | so | so | 150 | 2 weeks Excellent 
| | | | 
so | | 5o | 2months | Excellent 
ES | mannana M mn ein inia 
60 78 38 | 6months | Excellent 
100 | 150 | 250 | 4 months | Excellent 
100 | 150 | | 2:0 | g months | Excellent 
zo | 78 | 100 248 | s months} «.. 
i i i m OM n Nil 
| | | | 6 months/ 
40 zo | | 110 | Pr month | Nil 
so bo | 11o | 30 months | Excellent 
SO} y | | 97 | tmonth | Nil 
a3 | 30 | 17 | go | 2months|| x 
Wc | j| Nil 
| | og month | 
=e 95 170. | 12 months | Excellent 
o i 3 258 | months) p 
3 i 5 5 T „tl Equivocal 
| 10 months! | 
75 75 150 | rmonth | Nil 
While 4 cases is too small a number to 


warrant anv conclusion, it would appear 
that radiotherapy may have retarded the 
growth of the primary tumor and con- 
tributed to the longer survival of the 4 
treated patients; and the prolonged sur- 
vival provided a chance for radiogold treat- 
ment to be worthwhile. Muller's'? superior 
results seem attributable to combined 


Taste IV 


SUMMARY OF RESULTS OF Au? THERAPY 








| Pleural Effusion | Ascites 





Results | No.of | Per No. of | Per 


Patients Cent i Patients Cent 
Nil | 6 de d o so 
Equivocal | F 4l | 4 20 
Excellent | 4 24 | 6 Ue 
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CORRELATION BETWEEN SURVIVAL TIME AND RESULTS 
OF INTRACAVITARY Au! THERAPY 
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Tasre VII 


SURVIVAL TIME OF PATIENTS WITH ASCITES 
WITH OR WITHOUT DEMONSTRABLE MASS 



































Survival Results ; . Demonstrable Mass 
Time Survival Time 
(mo.) Excellent | Equivocal | Nil (mo.) Present Absent 
17 Patients with Pleural Effusion 2 or less 7 3 
3-12 4 o 
2 or less o 3 6 13-16 o 3 
3-6 o 3 o Still alive o 3 
6 or more 4 1 o 
20. Patients with Ascites whom its indication was doubtful or nega- 
tive. 
2 or less o o 10 It is apparent that there must be a rea- 
i "T : : i sonable life expectancy of three months or 
or 








therapy in a great majority of his patients. 

The data on the 6 patients who received 
preventive radiogold treatment for peri- 
toneal implants or spillage of ovarian tumor 
are summarized in Table 1x. We entertain 
the same hopes as for the preceding group 


'. but feel, like most authors, that the results 


are difficult to evaluate. 


DISCUSSION 


When our results are examined, it be- 
comes clear that intracavitary radiogold 
therapy has been used in many patients in 

Tase VI 


SUMMARY OF PATIENTS WITH ACUTE EFFUSIONS 











Primary | Duration of| Tapping [Survival Time 
Tumor | Effusion Interval after Aul 
Site (wk.) (da.) (da.) 





5 Patients with Pleural Effusion 











Pancreas I 1- 2 II 
Lung 9 3- 4 106 
Lung 4 730 20 
Ovary I Im 2 20 
Unknown 3 3-4 4 
4 Patients with Ascites 
Ovary 3 I- 2 II 
Uterus 2 3-4 10 
Prostate 6 7-10 20 
Unknown 3 2- 3 2 








longer for radiogold therapy to be of any 
real palliative value to the patient, for it 
may take several weeks for the therapeutic 
effect to be realized.4:16 

Rapid accumulation of fluid requiring 
thoracentesis or paracentesis every ten 
days or less is, in our experience, a very 
grave sign of relentless progress of the 
underlying malignancy. Radiogold treat- 
ment in such cases is useless. These observa- 
tions are in agreement with those of 
Andrews et al.? 

The presence or absence of a demon- 
strable mass as a criterion against or for 
radiogold therapy seems less firmly estab- 
lished by our data. Here again, the life ex- 
pectancy and general condition of the pa- 
tient are more important factors than 
tumor mass per se. The patient with or 
without demonstrable mass should, there- 
fore, be individually evaluated with regard 
to the suitability of radiogold therapy on 
the basis of other clinical findings. 


Taze VIII 


SURVIVAL TIME OF PATIENTS WITH ASCITES WITH 
OR WITHOUT RADIOTHERAPY TO PELVIS 








Survival Time Pelvic Radiotherapy 








(mo.) Yes No 
Less than 2 o Io 
Up to 11 o 3 


Up to 17 4 o 
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Taste IX 


SUMMARY OF CASES RECEIVING PREVENTIVE INTRAPERITONEAL Au!95 ru ERAPY 


Vou. 85, No. 1 
Primary 
Age Tumor Reason for Treatment 
Site 

66 Ovary — Peritoneal implants 

48 | Ovary Peritoneal implants 

37 | Ovary | Peritoneal implants and | 
|o spillage | 

44 Ovary | Peritoneal implants 

35) Ovary Rupture of papillary cyst | 
| (adenocarcinoma) | 

490 Ovary ? Spillage on removal of 


cyst (adenocarcinoma) 


The conditions governing palliation, in 
so far as radiation therapy is concerned, 
have been discussed by Paterson.” Two of 
the pomts he made are very pertinent 
here: (1# there must be reasonable expecta- 
tion of relief; and (2) bevond a certain 
stage of decline, no palliation is possible. He 
wrote, "In the moderately advanced stages 
of disease, we can still do much to ease dis- 
tress, but later when the patient has really 
begun te go downhill, is already febrile or 
cachectiz and looks ‘ill,’ treatment is not a 
kindness and may even help to precipitate 
the end. ' With this view the laity concurs.? 

It mav also be mentioned that intra- 
cavitary radiogold treatment is an expen- 
sive procedure, averaging about 3250.00 
or more {Table x) per application. 


* d 


SCMMARY AND CONCLUSIONS 
1. Seventeen patients with pleural effu- 
sion, 20 patients with ascites and 6 pa. 
tients wth peritoneal implants received 
radiogolc intracavitary therapy. 


TaBe X 


ENSE OF Aut? THERAPY 






50.00 
» in hospital (4 days) 100.00 
fee Š $0.00- 100.00 
$0.00 


Dose of Auf” 


Follow-Up 


(mc) : : Asc} 
(mej Year Status Ascites 
7$ ; 5 Living o 
43 | 2 Dead o 
155 | 1 | Living [e 
He | 1 Dead — | o 
E | 2 Living o 
fe | 1 Living | o 


2. Nine of 17 patients with pleural effu- 
sion and to of 20 patients with ascites were 
dead within two months of treatment. In 
retrospect, these patients could not be ex- 
pected to benefit from the radiogold ther- 
apy, the indication was doubtful or nega- 
tive and the treatment results unsatis- 
factory. 

3. Excluding the early deaths, the re- 
sults of radiogold therapy were excellent in 
4 of 8 patients with pleural efusion and 6 
of 10 patients with ascites. 

4. The factors and circumstances leading 
to unsatisfactory results are discussed. The 
importance of strict adherence to certain 
criteria for the selection of patients is 
emphasized. 

s. Rapid accumulation and short dura- 
tion of fluid formation were grave signs of 
relentless progress of the disease. They 
were observed in 5 patients with pleural 
effusions and 4 patients with ascites, all 
except 1 were dead within twenty days of 
radiogold treatment. 

6. The presence or absence of mass per se 
is not a reliable criterion for the selection of 
patients. 

7. It is the task of the isotope therapist 
to evaluate the total picture of the patient 
as a basis for his decision to give or to with- 
hold treatment. 

Ching Tseng Teng, M.D. 
Jefferson Davis Hospital 
Houston 3, Texas 
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THE DIAGNOSTIC AND PROGNOSTIC VALUE OF ORAL 
SMEARS IN THE RADIOTHERAPY OF CARCINOMA 
OF THE ORAL CAVITY AND OROPHARYNX 


By WILLIAM UMIKER, M.D.,* ISADORE LAMPE, M.D.,t and ROBERT RAPP, M.D. 


ANN ARBOR, MICHIGAN 


TP ho radiosensitivity of benign and absorbed into the cotton. The smears were 
malignant cells from carcinomas of the fixed immediately in ether-alcohol and 
cervix uteri has been evaluated in tissue stained according to the standard Papani- 
sections, and 1n vaginal or cervical colaou technique. In most instances the 
smears.*-^ There has been a paucity of re- examinations were done daily or tri-weekly 
ports concerning similar studies of oral during treatment and monthly following 
carcinomas, although Hall and Friedman? completion of radiotherapy. The following 
found chat valuable prognostic information studies were made: 
could be obtained by a single biopsy during 1. Radiation changes in benign squamous 
the second week of irradiation of carcino- cells. A minimum of 100 benign squamous 
mas involving the oral cavity and oro- cells was examined in each smear, and 
pharynx. The cytologic effects of radiation percentage determinations of the follow- 
on benign and malignant cells in oral ing cytologic features of radiation change 
smears have been described, and prelim- were made: (a) enlargement of cell diameter 
inary prognostic implications postulated on above 75 u; (b) enlargment or diameter of 
the basis of observations on a small series the nucleus above 14 u; (c) vacuolization 
of patients.” This report concerns the of cytoplasm; and (d) multinveleation. 
evaluation of the diagnostic and prognostic 2. Radiation changes in malignant cells. 
significance of oral smears in a larger series (a). Maturation of cells. This was deter- 
of patients who received external irradia- mined by two indices of maturation; the 
tion for carcinomas of the oral cavity or nucleocytoplasmic ratio and the degree of 
oropharynx, cornification. The former was determined 
: by separating the malignant cells into well- 
differentiated and poorly differentiated 
Direct smears were obtained from the cells on the basis of their relative cell and 
surfaces of ss oral carcinomas (tongue, nuclear diameters. If the diameter of the 


MATERIAL AND METHODS 


gingiva, floor of the mouth, anterior ton- nucleus exceeded one-half that of the cell, 
sillar pillar, retromolar area, and hard the cell was classified as poorly differen- 


palate) prior to, during, and after irradia- tiated; less than one-half, well.differen- 
tion. Companion smears were taken from tiated. The percentages of cornified and 
the adjacent uninvolved mucosa within the  noncornified cells were readily determined, 
field of irradiation. The smears were taken since the cytoplasm of the former stains 
with small wooden spatulas, since metallic intensely red or orange with the Papani- 
instruments either slipped over the mucosa — colaou stain, while the cytoplasm of the 
without removing sufficient material, or noncornified cells is cvanophilic. (b) Retro- 
produced bleeding if pressure was increased. gressive changes. The percentages of Cas- 
Cotton-apped applicators were found to be persson’s type A and type B cells were 
the least desirable, since the secretions were determined? About one-half of the patients 
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had smears which were too hypocellular to 
make accurate determinations of the nu- 
cleoprotein patterns. (c) Ultraviolet micro- 
scopic studies of nucleic acids. The smears 
of 11 patients were stained with acridine- 
orange and examined with the ultraviolet 
microscope, using blue-violet light accord- 
ing to the technique of von Bertalanffy and 
his associates.” The same smears were de- 
colorized and then restained by the routine 
Papanicolaou technique. 

3. Exfoliation of malignant cells. The 
number of malignant cells per 100 benign 
squamous cells was determined. 

4. Conversion of positive to negative smears. 
The date of the last positive smear during 
or following treatment was recorded. Em- 
phasis was placed on the presence or ab- 
sence of malignant cells at the end of treat- 
ment, during the immediate post-treat- 
ment phase (one to three months), and at 
the time of follow-up visits. 

5. Detection of recurrent neoplasm. 


RESULTS AND DISCUSSION 
RADIATION CHANGES IN BENIGN SQUAMOUS CELLS 


Although cell or nuclear enlargement, 
and cytoplasmic vacuolization or multi- 
nucleation are not pathognomonic of radia- 
tion effect, the quantitative transforma- 
tions during treatment were striking.” 
Enlargement of the cells was the earliest, 
most prominent, and most consistent al- 
teration. Cells which exceeded 75 u in 
diameter were infrequent in pretreatment 
smears, while during therapy a majority 
of the cells showed some enlargement, of- 
ten several times their pretreatment size, 
35-50 u. Increase in nuclear size was less 
frequent, probably because of the large 
number of superficial cornified cells with 
nonreacting pyknotic nuclei. Multinuclea- 
tion appeared later, and the multinucleated 
cells rarely had more than two nuclei, in 
contrast to multinucleated malignant cells 
which often had many nuclei. Vacuoliza- 
tion of cytoplasm varied qualitatively and 
quantitatively from case to case more than 
any of the other changes and showed less 
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Fic. 1. Median percentage values of radiation change 
in benign squamous cells during treatment (55 
patients). 


constant sequential patterns in individual 
cases. 

Cytoplasmic inclusions of bacteria, leu- 
kocytes, and granules exhibited no correla- 
tion with duration of treatment, or with 
any of the above alterations, for which 
reason they were not included in the results. 

Recognizable cytologic changes were us- 
ually distinct by the fifth to seventh day, 
and these observations were supported by 
quantitative analyses (Fig. 1). There were 
considerable differences in the cytologic re- 
sponses in different patients, but the 


‘chronologic patterns in individual cases 


were remarkably uniform, supporting the 
validity of the daily counts. Most patients 
exhibited a diphasic pattern, there being a 
median peak at the end of the second week 
of treatment, and a slightly higher second 
peak between the thirtieth and thirty- 
fifth days. A smaller number of patients 
had patterns with a gradual step-like in- 
crease. The depression between the two 
peaks of maximum response in the diphasic 
curves may represent persistence of unre- 
sponsive cells following removal of more 
radiosensitive cells, a temporary phase of 
cellular insensitivity, an interval between 
two different modes of physical or chemical 
action, or a pause between the direct and 
indirect effects of radiation.!° 
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Clinical manifestations of radiation ef- 
fect, such as “mucositis” or membrane for- 
mation, were seen between the time of on- 
set of cytologic radiation change and the 
point ef maximum development of these 
alterations, while tumor regression was us- 
ually observed at the peak of cytologic 
change. 

No constant correlation could be dem- 
onstrated between the radiation changes 
in benign cells and the exfoliation or rate of 
disappearance of the malignant cells, the 
maturation or aucleoproten patterns of the 
malignant cells, or the 
radionecrosis. 

Preliminary observations*!? had sug- 
gested a direct relationship between the 
radiation response in the benign cells and 
the radiotherapeutic control of the pri- 
raary neoplasm. The present studies, with a 
larger number of patients and longer follow- 
up stucies, have demonstrated less convinc- 
ing correlation; The median cytologic 
changes were only slightly greater in pa- 
tients whose primary neoplasms were con- 
trolled, and, although the data may show 
valid general statistical differences, they are 
not sufficlently precise to permit practical 
prognostication in individual patients, es- 
pecially in comparison with the correlation 
between the size of the primary tumor and 
its therapeutic control (Table 1). However, 
it was observed that the smears from each 
of the 4 patients who had uncontrolled 
small primary neoplasms (diameter of 2.5 
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RELATIONSHIP BETWEEN THE SIZE OF NEOPLASMS 
OF THE MOUTH OR OROPHARYNX AND PROGNOSIS 
Small Medium Large 
Clinical (2.5 em. (2.5-3.5 (over 3.6 
Status or less in em, in cm. in 
diameter) SMEED di ameter) 
Total patients 19 7 24 
Well I3 3 4 
Residual neoplasm 4 I 16 
Metastases 3 4 12 
Dead 2 2 12 
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cm. or less) exhibited poor cy-ologic radia- 
tion response, while the few patients with- 
out recurrence of large neop asms at the 
end of twelve months or more showed vig- 
orous cytologic responses. 

The characteristic "SR" cells described 
by Graham? in patients who had favorable 
radiotherapeutic results were rarely en- 
countered, probablv because such cells 
come from deep layers of the stratified 
squamous epithelium, and oral smears 
failed to disclose cells from these lavers 


RADIATION CHANGES IN MALIGNANT CELLS 

The radiation changes of che type de- 
scribed in benign cells were also demon- 
strated in malignant cells? but were more 
dificult to assess quantitatively because 
of the smaller number of cells and the fre- 
quent presence of similar alterations in non- 
irradiated cells. Attempts to measure these 
characteristics, therefore, were abandoned 
early in the study, and effort was directed 
instead to measuring the effects on matura- 
tion or differentiation of the tumors, and 
on Caspersson's criteria of variability. 

Maturation, as determined by the nu- 
cleo-evtoplasmic and the coraification in- 
dices, was striking in only a few cases and 
showed no statistically valid correlation 
with clinical observations. 

Caspersson and Santesson,* using ultra- 
violet spectrophotometric observations, 
found that the neoplastic cells in the grow- 
ing and infiltrating, or perivascular por- 
tions of epithelia! cancers were charac- 
terized by nuclei with abundant desoxyri- 
bonucleic acid (and chromatin:. These were 
designated as type A cells ir contrast to 
the type B cells which were found in the 
central, less viable areas of the neoplasm. 
The latter cells were regarded as prenecrot- 
ic, or at least less viable cells, and had 
nuclei which were larger, relatively poor in 
DNA, and rich in nucleolar ribonucleic 
acid (RNA). A preliminary study of 21 pa- 
tients with oral carcinoma strongly sug- 
gested that these nucleoprotein patterns 
could be utilized to measure radiation ef- 
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Fic. 2. Median percentages of Caspersson’s type A and type B cells during irradiation. 
fect in smears stained by the routine were not possible in almost so per cent of 


Papanicolaou method, and that there was a 
good correlation between the conversion of 
type A to type B cells and the results of 
radiation.!! This line of endeavor has been 
amplified to include 11 additional cases, to 
investigate the additional follow-up of the 
original 21 cases, and to study the smears 
from another group of 11 oral cancers by 
ultraviolet microscopy using the fluoro- 
chrome, acridine-orange. 

The findings of the current studies sup- 
port our initial observations, namely, that 
the conversion from type A to type B cells 
is a good prognostic sign. As indicated in 
Figure 2, the median percentages of type A 
cells decreased only slightly in 14 patients 
who had residual carcinoma, while there 
was a pronounced decrease of type A cells 
and a proportionate increase in type B cells 
in the 18 patients with no clinical evidence 
of residual neoplasm. The contrast became 
most marked between the fifteenth and 
twenty-fifth days, although in some in- 
stances the critical measurements had to 
be made prior to this time because of the 
sparsity of malignant cells by the fifteenth 
day of treatment. In addition, the patients 
with good clinical radiation effect originally 
had fewer type A cells. 


Unfortunately, these determinations 


hey patients because of the lack of sufficient 
exfoliation. This information could prob- 
ably be determined histologically by a 
single biopsy between the fifteenth and 
twenty-fifth days. 


ULTRAVIOLET MICROSCOPIC STUDIES OF NUCLEIC ACIDS 

von Bertalanffy and associates! demon- 
strated the specificity of DNA and RNA 
staining by acridine-orange with ultraviolet 
or blue-violet microscopy. In the usual 
maturation of benign or malignant squa- 
mous cells, there is a gradual decrease in 
cytoplasmic RNA and relatively less dim- 
inution in nuclear DNA. Irradiated cells, 
in contrast, showed more rapid reduction 
in the nuclear fluorescence, which changed 
from brilliant yellow to dull olive-green, 
while the cytoplasm remained bright 
orange until later in the treatment. 

It was noted that even in the pretreat- 
ment smears a variable number of malig- 
nant squamous cells showed minimal fluo- 
rescence. These poorly-fluorescing cells 
were usually well-differentiated, cornified 
cells or markedly degenerated cells, which 
differed from the typical type B cells of 
Caspersson by the absence of demonstrable 
nucleoli. There was a gradual increase in 
these poorly-fluorescing cells during treat- 
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ment, and, in general, the observations 
corresponded to the changes in the nucleo- 
protein. patterns of the nuclei noted in 
smears stainec by the Papanicolaou tech- 
nique. 

The examination of nucleoli was facili- 
tated by the acridine-orange technique, 
since the nucleoli could be distinctly visu- 
elized despite the high chromatin content 
af the malignant nuclei, whereas in the 
Papanicolaou stained control smears the 
nucleoli frequently were completely ob- 
scured by the nuclear hvperchromasia. The 
ultraviolet studies demonstrated relatively 
little change in the size or number of nucleoli 
during irradiation until the cells reached 
advanced stages of degeneration or matura- 
tion when the fluorescence of the nucleoli 
faded with that of the other cellular com- 
ponents. It was frequently observed that 
the nucleolar RNA was the last nucleic 
acid constituent to fade in fluorescence. 

It 1s worthy of re-emphasis that the 
"active-appearing" malignant squamous 
cells, which have diffuse nuclear hyper- 
chromasia and no apparent nucleoli when 
examined by the standard staining tech- 
niques and ordinary light microscopy, do 
have large and frequently multiple nu- 
cleoli, and the apparent increase in nucleo- 
lar size reported to occur during irradia- 
tion 1s due chiefly to the unmasking of the 
nucleoli bv the decrease in chromatin 
Censity. 


EXFOLIATION OF MALIGNANT CELLS 


The propensity for desquamation was 
evaluated by counting the number of malig- 
rant cells in relation to the number of be- 
rign squamous cells. The smears from over 
one-half of the patients exhibited abundant 
cancer cells during the early phase of 
treatment, with malignant cells comprising 
25 per cent or more of the epithelial cells. 
Twenty-five per cent of the patients con- 
sistently had such sparsity of malignant 
cells that the smears had to be searched 
diligently to detect any, while the remain- 
ing 25 per cent had smears which contained 
from s to 25 per cent malignant cells. Al- 
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Fic. 3. Median percentage values indzating the num- 
ber of exfoliating malignant cells daring treatment 
in relation to the number of benigr squamous cells 
in ora! smears (40 patients). 


though there were minor variations in the 
malignant cell populations from dav to day 
in individual patients, the percentage of 
malignant cells was remarkably constant 
and showed a definite sequent al pattern in 
most cases. This attribute has been desig- 
nated bv us as one of exfoliation, for, al- 
though the smears represented direct 
scrapings, the fundamental property is still 
one of cohesiveness. The median values are 
illustrated in Figure 3. 

During the first few days of therapy there 
was usually a gradual decrease in the num- 
ber of cancer cells, characteristically fol- 
lowed bv an increase sometime between the 
seventh and fifteenth days, and not in- 
frequently exceeding the number in the 
pretreatment smears. This was then fol- 
lowed by a more gradual, but still fluctuat- 
ing decline. The temporary increase in 
malignant cells above the pretreatment 
levels is believed to be the result of de- 
creased cohesiveness rather taan stimula- 
tion of tumor growth, since the percentages 
of poorly differentiated cells were not 
coincidentally increased as would be ex- 
pected if the latter were true.” 

There were certain factors which ap- 
peared to influence the extent of exfolia- 
tion, namely, size, location, gress anatomic 
type, and the degree of differentiation of 
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the neoplasms. In general, large, exophytic 
or poorly differentiated carcinomas ex- 
foliated more than did small, ulcerated or 
well-differentiated carcinomas. Significant 
factors would seem to be the size of the tu- 
mor surface area, the presence or absence of 
an inflammatory pseudomembrane (cover- 
ing ulcerated tumors) which restricts the 
detachment of malignant cells, and the de- 
gree of intercellular adhesiveness which is 
undoubtedly less in poorly differentiated 
neoplasms. It must be admitted that some 
of the cells from very well-differentiated 
carcinomas may have been mistaken for 
benign cells. Location also played a role, 
malignant cells being more abundant in 
carcinomas of the floor of the mouth than 
in other locations, even though the tumors 
of the floor of the mouth were, on the 
average, smaller and less exophytic than 
those in other areas. 

Although the above factors obviously 
had some bearing on the extent of exfolia- 
tion, even the combination of all of the fac- 
tors could not adequately explain the dif- 
ferences. For example, tumors which ap- 
peared to be identical in location, size, and 
gross and histologic type often produced 
completely different smears, one set con- 
taining abundant malignant cells, the other 
practically none. The vigor applied to 
scraping the surface or the selection of sur- 
face to be scraped was not a significant fac- 
tor, for, if this had been the case, there 
should have been much greater variation 
from day to day in individual cases. On the 
contrary, each patient showed remarkable 
uniformity in his pattern of exfoliation. 
The cells may have been more numerous in 
smears from neoplasms of the floor of the 
mouth due to trapping of the cells in the 
dependent portions of the oral cavity, but, 
then again, exfoliation from some of these 
neoplasms was minimal. 

Our initial observations? indicated that 
neoplasms which exfoliated abundantly 
were more likely to metastasize than those 
which did not, as was also noted by Gra- 
ham? in carcinomas of the cervix. Since this 
feature should indicate lack of cohesiveness, 
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it may also indicate a greater propensity 
for the cells of such tumors to break off 
and enter the lymphatics.'? Our later find- 
ings have only partly sustained these ob- 
servations. Although the median exfolia- 
tion of 15 patients who developed metas- 
tasis was 15 per cent, while that of 24 pa- 
tients who have not demonstrated metas- 
tases to date was only 5 per cent, the 
number of profusely exfoliating neoplasms 
which metastasized (39 per cent) was only 
slightly greater than the poorly exfoliating 
neoplasms (29 per cent). These slight dif- 
ferences are probably explained on the 
basis of better cellular differentiation of 
more of the poor exfoliators, since it is well 
known that less well-differentiated car- 
cinomas are more likely to metastasize. 


CONVERSION OF SMEARS FROM POSITIVE TO NEGATIVE 


A few of the largest neoplasms main- 
tained dense populations of malignant cells 
throughout treatment, but this was the 
exception rather than the rule. In most in- 
stances the cancer cells became so sparse 
during the last two to three weeks of treat- 
ment that they became difficult to find, 
there often being only one or two in an en- 
tire smear, despite the usual number of 
benign superficial squamous cells and in- 
flammatory cells. Interpretation also be- 
came more difficult, and occasionally it was 
impossible to differentiate between well- 
differentiated squamous carcinoma cells 
and benign squamous cells showing radia- 
tion changes, thus necessitating the use of 
a "suspicious" category. 

Over 70 per cent of the patients still had 
positive or suspicious smears at the end of 
treatment, almost 5o per cent being un- 
equivocally positive (Table 11). These cy- 
tologic findings correspond well with the 
histologic observations of Hall and Fried- 
man,’ who found persistent tumor in 50 per 
cent of biopsies from irradiated carcinomas 
of the mouth or oropharynx. 

Graham and Graham! noted that the 
presence of malignant cells in vaginal 
smears at the completion of treatment did 
not preclude cure, and our findings were 
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Value of Oral Smears in Radiotherapy 


EN 
ay 


Taste Il 


COMPARATIVE VALUE OF ORAL SMEARS AT COMPLETION OF TREATMENT AND ONE T TWO 
MONTHS AFTER IRRADIATION 





(ss patients) 


Clinical Status 


Positive Suspicious 

No neoplasm 8 e 
Primary 14 5 
Residual neoplasm 9 4 
Recurrence 5 1 
Metastases 10 4 
Dead 9 1 

5 


Total patients 


similar. Eighteen patients who had positive 
or suspicious smears at this time converted 
during the immediate postirradiation peri- 
od (one to three months). Most of these 
conversions occurred during the first post- 
irradiation month, the tardiest conversion 
being between the second and third month. 
The lack of correlation between the pres- 
ence or absence of malignant cells at the 
end of treatment and the clinical results is 
illustrated in Table m. It is readily ap- 
parent that smears taken at this time are 
of relatively little prognostic value, es- 
pecially if positive. 

ME The significance of the results of exam- 
ination of smears taken within the first 
three months following completion of 
treatment is indicated in Table 11, and is 
in striking contrast to that of the examina- 
tions made at the end of therapy. Each of 
the 13 patients who had positive smears 
during the postirradiation phase either had 


residual neoplasm or developed recurrent 
neoplasm, and 6 have died; only 3 (11 per 
cent) of the 23 patients whose smears were 
negative during this phase had residual 
tumor: only 4 of these 28 subsequently de- 
veloped recurrent neoplasm, and all but 1 
are alive at the time of this report. 


DETECTION OF RECURRENT NEOPLASM 


Eight patients had what was clinically 
regarded as recurrent neoplasm. However, 
4 of these had positive smears throughout 





Immediate Postirrad ation Period 
(47 patiens) 


Positive 


Negative Suspicious Negative 
6 o 2 17 
9 13 2 7 
7 9 2 3 
2 4 e 4 
4 E 4 6 
4 6 E I 
16 13 6 28 


the postirradiation period amd their neo- 
plasms are therefore believed to represent 
residual rather than recurrert carcinoma. 
The other 4 had negative smears immedi- 
ately after irradiation; 1 remained nega- 
tive, t reconverted to positive and 2 
changed from negative to suspicious when 
the recurrence developed. The fact that 
there was only 1 false-negative is hearten- 
ing, since it was feared that many of the 
recurrent neoplasms might be entirely sub- 
mucosal and would, therefore. escape cyto- 
logic detection. 


INFLAMMATORY CHANGES 

Practically all of the smears which con- 
tained malignant cells also contained in- 
numerable leukocytes and bacteria, in- 
cluding many within benign aad malignant 
squamous cells, and there was usually a 
proportionate decrease in the inflamma- 
tory cells as the number of malignant cells 
diminished. The leukocytes were pre- 
dominently neutrophilic granulocytes in 
the pretreatment smears and in those taken 
during the early phases of trecztment, while 
eosinophilic leukocytes, lymphocytes, and 
plasma cells appeared in increasing num- 
bers during treatment. The persistence of 
inflammatory cells after the disappearance 
of malignant cells usually irdicated per- 
sistence of ulcers and, when found in post- 
irradiation smears, which were devoid of 
malignant cells, suggested ulcerative radio- 
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necrosis. Most of the post-treatment smears 
from patients without clinical evidence of 
residual neoplasm were characterized by 
their tidy, clean appearance, since they 
consisted exclusively of superficial squa- 
mous cells which showed none of the marked 
degenerative changes seen during and be- 
fore treatment and were not accompanied 
by leukocytes, bacteria, and debris. In sev- 
eral instances, recurrent neoplasm was first 
suspected when a patient whose previous 
smears had this uninfected appearance 
suddenly developed smears containing 
many leukocytes, even in the absence of 
malignant cells, the latter being?found in 
subsequent smears. 

The presence of erythrocytes was less 
constant and seemed to be related to the 
vigor used in scraping the lesions. In no 
instance was bleeding severe enough to in- 
terfere with -the interpretation of the 
smears, to require treatment, or to impair 
healing. 


CONCLUSIONS 


1. The radiation changes in benign and 
malignant squamous cells from oral or 
oropharyngeal carcinomas have been de- 
scribed; these include observations of the 
nucleic acids by acridine-orange fluores- 
cence microscopy. 

2. The radiation response of benign 
squamous cells was not found to be of prac- 
tical value in prognosticating the clinical 
results. 

3. Destruction of malignant cells by ir- 
radiation appears to bemoreimportant than 
radiation-induced tumor differentiation. 

4. Determination of maturation and 
cornification indices were of no practical 
clinical value. 

5. Percentage analysis of Caspersson 
type A and type B cells during treatment 
correlated well with clinical results. 

6. There were marked differences in the 
exfoliation of malignant cells from neo- 
. plasms which were otherwise similar in lo- 
cation, size, gross characteristics, and his- 
tologic differentiation. The reasons for 
these differences remain to be elucidated. 
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Initially reported increased propensity for 
abundantly exfoliating tumors to metas- 
tasize was only partially substantiated. 

7. The presence of malignant cells in oral 
smears taken at the end of treatment does 
not preclude irradiation arrest, and many 
patients showed conversion of positive to 
negative smears following completion of 
treatment. . 

8. Oral smears taken during the first 
three months after treatment are of prac- 
tical prognostic value. Every patient whose 
smears were positive during that period was 
ultimately proved to have residual or recur- 
rent neoplasm, while only 11 per cent of 
patients with negative smears at that time 
had residual neoplasm. 


William Umiker, M. D. 

Department of Pathology 

University of Michigan Medical Center 
Ann Arbor, Michigan 
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250 KV. ROTATION THERAPY FOR CARCINOMA 
OF THE ESOPHAGUS USING THE JOHNS 
HOPKINS SCREEN INTENSIFIER* 


By R. J. DICKSON, M.D. (Canras.), D.M.R.T,t and R. H. MORGAN, M.D. 


BALTIMORE, MARYLAND 


DADIATION therapy bv rotation for 
malignant disease is not a new concept. 
However, due to the work of Dr. Jens 
Nielsen? of Copenhagen, this form of treat- 
ment has become quite popular in recent 
vears, particularly in Scandinavian coun- 
tries.^* The principle of Nielsen’s method of 
therapy is that the patient is rotated in an 
extremely narrow beam of radiation, some- 
times as small as 1 em. wide, with the lesion 
centered at the axis of rotation. The lesion 
is Identified and is watched throughout the 
treatment time on a fluoroscopic screen, the 
position of the patient being altered during 
treatment if the lesion should go out of the 
field. In this fashion, the skin is spared bv 
using the whole circumference of the body; 
the integral dose is kept low; the normal 
tissues are spared as much as possible; and 
the volume of tissue being treated receives 
the maximum dose. Even using radiations 
in the 250 kv. range, a cancerocidal dose 
can be delivered with this technique. Other 
methods of rotating the patient or the 
machine have been developed, but with no 
other technique can such a narrow field be 
used or such good control of the treatment 
area be obtained. 

The modification of Nielsen's method 
which has been adopted at The Johns Hop- 
kins Hospital is in the use of the fluoroscopic 
screen intensifier with a televised image for 
control of the treatment zone. This excludes 
exposure of personnel watching the direct 
screen. through the control window, and 
obviates the elaborate mirror systems 
which have been devised with the same end 
in view. Dark adaptation by the observer is 
also no longer necessary. 


Figure 1 shows a patient seated on a 
rotating chair with the roentgen-rav ma- 
chine and screen intensifier in position. 
Figure 2 shows the viewing panel situated 
in the control room on which the operator 
can watch the image throughout treatment 
without himself being exposed to the radia- 
tion. This arrangement was described bv 
Morgan e£ a£? as a logical area of usefulness 
for the screen intensifier and, although not 
essential to the use of rotation therapy, it 
has proved to be of tremendous value in 
determining the accuracy of direction of the 
beam of radiation and in ensuring centrali- 
zation of the beam on the desired area. 

When the lesion under treatment is a 
carcinoma of the esophagus, the patient sits 
on the rotating chair with the axis of rota- 
tion at 75 cm. from the focal spot of the 250 
kv. roentgen-rav machine and the screen 
intensifier is placed at the far side of the 





Fic. 1. Patient positioned for rotation therapy. 


* From the Department of Radiology, The Johns Hopkins University and Hospital, Baltimore, Maryland. The work described in 
this paper was supported in part by the National Cancer Institute, National Institutes of Health, United States Public Health Service. 
t Radiologist in charge of Radiation Therapy, The Johns Hopkins Hospital. 


$ Radiologist in Chief, The Johns Hopkins Hospital. 
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Vic, 2. Viewing panel of screen intensifier. 


patient. The patient is given a mouthful of 
barium to be retained in the mouth; the 
chair is set in motion and, when roentgen 
rays are generated, the image of the chest 
appears. on the television screen. Instruc- 
tions are then given to the patient to swal- 
low the barium. The opaque material is 
visualized on the screen and should remain 
in the center of the beam throughout the 
rotation. If it does not do so, the position of 
the chair is altered accordingly. The chair 
rotates at a speed of two revolutions per 
minute and, initially, a total of ten revolu- 
tions, or five minutes of treatment time, 
is given in order to familiarize the patient 
with the procedure. When the dosage calcu- 
lations ure completed, an estimated tumor 
dose of 200 r is given daily. These calcula- 
tions are made during the therapy and will 
be further discussed below. The size of the 
treatment field is usually 5 cm. in width at 
the rotational axis and 1s of a length corre- 
sponding to three times the roentgenologic 
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estimate of the involved area of the esopha- 
gus. Beeause of the angulation of the esoph- 
agus in its lower third, lesions of this area 
naturally will require a wider beam of radi- 
ation. The factors used are 250 kv.,0.5 mm. 
Cu4-1.0 mm. Al filter, tumor target dis- 
tance 74 cm. The half value layer of the 
beam in current use with these ‘actors is ap- 
proximetely 2.0 mm. Cu. The tube is spe- 
cially made by the Machlett Company 
with a very small focal spot o^ 0.5 cm. di- 
ameter, which gives excellent resolution of 
the image on the television screen. 


SELECTION OF PATIENTS 


Not all cases of carcinoma of the esopha- 
gus have been deemed suitable for treat- 
ment bv rotation therapy. The full course, 
lasting some six weeks, entails a not incon- 
siderable constitutional strain on the pa- 
tient and we have felt that the general 
conditicn of the patient should be moder- 
atelv good to allow for completion of the 
treatment. In one instance, conventional 
anterior and posterior opposing portals 
were used to reduce the esophageal obstruc- 
tion and three months later, when the 
patient's physical condition had improved, 
a course of rotation therapy wes instituted. 

The second criterion for treatment bv 
this method which we adopted is the ab- 
sence of obvious metastatic disease. It was 
felt thar, if the patient has a life expectancy 
of only a few weeks, there is no Justification 
for a tvpe of therapy which, at best, can 
only control the primary disease. In such 
cases, palliative therapy was given with a 
suitable number of fixed fields ind sy mpto- 
matic metastases were irradiated in a simi- 
lar fash’on. 

Thircly, in lesions of the upper and lower 
thirds of the esophagus, surgical opinion 
was sought and all the cases treated bv 
rotatioral therapy were deemed inoperable 
bv the surgical staff. Several lesions of the 
middle third of the esophagus, which prob- 
ably were resectable, were referred for 
roentgen therapy in order to compare the 
results of such treatment with those ob- 
tained by the formidable operative proce- 
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dures necessitated by the site of the lesion. 
The extent of the involvement of the esoph- 
agus per se was not considered to be a 
contraindication to radical roentgen ther- 
apy in the absence of demonstrable metas- 
tases in a patient in fair general health. 


TREATMENT TIME AND DOSAGE 


Allowing for the initiation of the patient 
to the procedure and for the time taken in 
calculating the dosage to the esophagus, a 
dose rate of approximately 1,000 r per week 
given in five treatment days was adopted, 
and a calculated tumor dose of between 
5,500 and 6,000 r in five to six weeks was 
given in most cases. 

Many methods of calculating the tumor 
dose have been described. Most simply, one 
can take an average measurement of the 
body diameter at the level of the treated 
lesion and estimate the dosage from isodose 
curves and depth dose tables after suitable 
allowance is made for absorption in the lung 
tissue. This is unsatisfactory because of the 
irregularity of the body surface and the 
difficulty in arriving at an estimate of 
average transmission through the intra- 
thoracic structures and thoracic wall. 
Measurements in a phantom constructed to 
conform to the shape of the body have the 
same objection. 

Wachsmann and Barth" devised a calcu- 
lation system based on the ratio of the 
transmitted dose rate at a point twice the 
rotational axis-target distance to the air 
dose rate at the rotational axis. From a 
nomogram prepared for the specific physi- 
cal factors used, the localized percentage 
tumor dose at the rotational axis can be 
determined. If the tumor is located at the 
axis, this then becomes the tumor dose. 
Theoretically, this seems sound and this 
method of dosage calculation was employed 
in the early cases in our series. An attempt 
was made to obtain a check of this calcula- 
tion by the use of dosimetric film swallowed 
by the patient during the rotation treat- 
ment and it was found that an approximate 
correlation was obtained. Subsequently, we 
obtained a Bomke direct reading dosimeter 
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with an ionization chamber contained at 
the tip of a narrow bore flexible rubber 
tube. In theory, this could be placed at the 
center of the lesion during the rotation and 
a direct reading obtained of the dose deliv- 
ered at that point. Unfortunately, in the 
majority of our patients, the degree of 
esophageal obstruction was such that they 
were unable to swallow this tube in the 
initial stage of their course of therapy. 
However, we were able to obtain direct 
readings in 6 patients and, in these, a high 
degree of correlation was obtained between 
Bomke measurements and calculation of 
dosage by the Wachsmann-Barth method. 
A Siemens dosimeter swallowed by the 
patient has also given similar readings in 4 
patients. 

We have, therefore, used the transmis- 
sion dose method of calculation in the belief 
that it is an accurate, simple and satisfac- 
tory method of dosimetry. It is intended 
that when further experience is obtained a 
more detailed report of our dosimetric cal- 
culations will be published. 


MATERIAL 


During the past six years, a total of 57 
patients with midline thoracic tumors has 
been treated by rotational therapy with the 
image intensifier (Table 1). Of these, 45 
patients with carcinoma of the esophagus 
represent by far the largest group. Three of 
these were unable to complete the course of 
therapy; 2 had lesions of the cardia with 
intrathoracic spread and a third had a by- 
pass operation in which the diseased esoph- 
agus was left in place. In this latter patient 
it was found that irradiation of the esopha- 


TABLE I 


CARCINOMA CASES TREATED 











Site No. 
Esophagus 45 
Lung 7 
Pharynx 4 
Trachea 1 

Total 57 
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Tape H 


CARCINOMA OF ESOPHAGUS 


AGE AND SEX DISTRIBUTION 
No. of No. of 
Age pu Sex Po 
m Cases Cases 
38 2 Male 39 
40749 3 White 22 
50-59 18 Negro 17 
60-69 13 Female 6 
70-79 i White 3 
84 2 Negro 3 


Average age, 
$9.4 years 


gus was limited by the presence of a loop of 
small imtestine which had been brought into 
the chest. One further patient has only 
recently completed his course of treatment. 
Thus 4: patients who have had a full course 
of therapy at least six months ago are avail- 
able for evaluation. 

The age and sex of these patients are 
shown m Table i. It will be seen that the 
majority were males and that the highest 
incidence was during the sixth and seventh 
decades of life. The histology of the lesions 
and the site in the esophagus are shown in 
Table mm. Three patients were treated with- 
out obraining a positive biopsy but the 
clinical and roentgenologic picture was such 
that there was little doubt of the diagnosis. 
The greatest number of patients had lesions 
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CARCINOMA OF ESOPHAGUS 
SITE AND HISTOLOGY 
Site :n the Esophagus No, of Cases 


Upper Third 5 


Middle Third 33 
Leaver Third 5 
Whole Esophagus 2 


Histelogy 





Squamous 35 
Acenocarcinoma 2 
Unditferentiated 5 
Urknown 3 
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Tage IV 


CARCINOMA OF ESOPHAGUS 
DOSAGE 


Dose (r) No. of Cases 





Less than 5,000 7 


5,000 to 5,490 h 
5,500 to §,990 12 


6,000 and more 20 


of the middle third of the esophagus, but a 
few with lesions of the upper and lower 
thirds of the esophagus were also treated, 
and 2 patients had involvement of almost 
the entire esophagus. 

Table 1v groups the patients according to 
the calculated dosage received :n the esoph- 
agus. Those receiving less than 5,000 r 
include the 3 who did not complete their 
course of therapy. The lowest dose given 
for attempted radical treatment was 3,600 
r administered in thirty-four davs to an 
elderly patient who had extensive involve- 
ment of the lower and middle thirds of the 
esophagus. The highest dose recorded was 
6,175 r delivered in thirty-five days. 


RESULTS OF TREATMENT 
SURVIVAL 

The survival time of the 41 patients un- 
der consideration is shown in Table v. Of 
the patients who survived more than two 
vears, 1 died thirtv-two months after his in- 
itial therapy, having developed enlarged 
mediastinal lymph nodes which were tem- 
porarily relieved by the administration of 


Tante V 


CARCINOMA OF ESOPHAGUS 








Survival Time (mo.) 
I s than 6 17 tide 
6-12 3 i 
12-24 3 2 
More than 24 2 I 


Average survival, all patients 8.7 months 
Average survival, patients dead — 8.4 months 
Average survival, patients alive 10.0 months 
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external irradiation. He at no time had dif- 
ficulty in swallowing after treatment but he 
was troubled by eructation of gas for the last 
two years of his life. No autopsy was per- 
formed on this patient. A second man sur- 
vived twenty-nine months from the begin- 
ning of treatment. He had developed a 
stricture of the esophagus following treat- 
ment which allowed only soft foods to pass. 
He fed himself largely through a gastros- 
tomy and, after two years without evidence 
of recurrent disease, it was decided to 
attempt to dilate the stricture in the upper 
third of the esophagus. Unfortunately, 
subsequent to this procedure, he perforated 
his esophagus at the site of the stricture, 
developed mediastinitis and died. At au- 
topsy there was no evidence of tumor at the 
site of the stricture nor of any metastatic 
disease. A third patient has survived for 
more than twenty-four months and is still 
doing very well without any evidence of 
recurrence. 

The average over-all survival of our 
patients is 8.7 months but at least 3 of the 
survivors appear to be very well and it is 
probable that they will survive for several 
months more. Of those who are dead, the 
average survival is only 8.4 months and of 
those still living the average is now ten 
months. The survival rates are extremely 
poor but they are at least comparable with 
those obtained by other modalities in the 
treatment of carcinoma of the middle third 
of the esophagus.'* ^? It is submitted that 
this type of therapy of this lesion will pro- 
vide a life expectancy comparable with that 
obtained by a radical surgical procedure?*:? 
and without the very high mortality asso- 
ciated with operations 1n this area. Super- 
voltage therapy has not extended life 
expectancy significantly beyond that ob- 
tained in this series.! 

The mode of death in those patients who 
have succumbed is of some interest (Table 
vi). There was evidence of widespread 
metastatic disease in no fewer than 15 of 
these patients. In none was there tumor 
recurrence at the site of the primary lesion 
and the majority of these patients were 
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Taste VI 


CARCINOMA OF ESOPHAGUS 
MODE OF DEATH 








No. of Cases 








Metastatic Disease 
Local Recurrence 
Fistula 

Stricture 

Recurrence Elsewhere 
Unknown 


= 


Hp DnD 





able to swallow relatively normally for the 
months of life remaining to them. There 
was definite evidence of local recurrence 
which led to death in 4 patients and of local 
recurrence with perforation and subsequent 
death in 4 others. One patient developed a 
fistula following esophagoscopy but did not 
have evidence of disease. Six patients devel- 
oped strictures at the site of the lesion 
which contributed to their deaths in that it 
was not pòssible to keep the esophagus 
patent. Four patients subsequently devel- 
oped lesions elsewhere in the esophagus; 3 
of these were at the cardia and 1 in the mid- 
esophagus, the latter being in a patient who 
had previously received therapy for a lesion 
of the upper third of the esophagus. 

One particularly interesting case was a 
sixty-five year old Negro male who was 
admitted to the hospital in July, 1955, with 
almost complete obstruction of the middle 
third of the esophagus. His general condi-* 
tion was poor and it was decided that he 
could not tolerate a full course of rotational 
therapy. He was given a tumor dose of 
2,500 r through anterior and posterior fields 
with dramatic improvement in his symp- 
toms. He was able to swallow without 
great difficulty and in September his condi- 
tion had improved to the extent that he was 
judged to be suitable for radical treatment. 
A tumor dose of 4,750 r was given in thirty 
days by rotational therapy, the previously 
treated areas being shielded with lead dur- 
ing the rotation. His swallowing became 
almost normal and, at esophagoscopy sub- 
sequent to the treatment, no abnormality 
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was noted. In November, 1956, one year Taste VIT 
later, he was readmitted to the hospital CARCINOMA OF ESOPHAGUS 
with symptoms of obstruction and was COMPLICATIONS 





found to have a polypoid lesion at the 
cardiac end of the esophagus. On November 
5, 1956, this was resected and the stomach 


o. of Cases 





É Stricture 6 
was anastomosed to the upper end of the posu 5 
resection which by measurement was Pneumonitis I 


proved to have been within the area irradi- 
ated one year previously. At the line of 
section there was no evidence of malignant 
disease and only minimal changes of radia- 
tion fibrosis could be seen. The anastomosis 
healed well and the patient began to swal- 
low again quite normally. On January 25, 
1957, he was found dead in bed at his home. 
U nfortunately , an autopsy was not ob- 
tained but he had been seen by a friend on 
the previous evening and was then appar- 
ently quite well. It is felt that he probably 
had a cardiovascular accident but a break- 
down of the suture line cannot of course be 
excluded. 


resection would have been impossible. 
Alternatively, a bypass operation might be 
considered. 

Five patients in our series developed 
fistulae at the site of the primary lesion 
subsequent to treatment. In those cases in 
which autopsies were performed, there was 
evidence of persistent tumor at the site and 
in 3 of these the fistulous openings were 
into major blood vessels closely adjacent to 
the esophagus. This complication is of 
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COMPLICATIONS 





In Table vir are shown the complications 
which oecurred in this series of patients. Six 
of our cases developed strictures at the site 
of the primary lesion following the course of 
treatment, these strictures being suffi- 
ciently severe to impede the swallowing of 
solid foods. One stricture was resected and 
the tissue showed evidence of dense fibrosis 
but no active tumor (Fig. 3 and 4). In 

«case, an attempt to dilate the stricture two 
years following the completion of therapy 
led to a perforation and subsequent death. 
In the other 4 patients, gentle dilatation of 
the stricture kept the esophageal lumen 
temporarily patent but subsequent dilata- 
tion became increasingly necessary and the 
patients gradually succumbed from inani- 
tion and cachexia. One woman was enabled 
to swallow for a period of fifteen months 
following treatment with dilatation at 
approximately weekly intervals. In retro- 
spect, a resection of the fibrotic area might 
have been beneficial but, in 4 of the pa- 
tients, the primary lesion was at the level of jo, 3. Specimen of carcinoma of esophagus five 
the arch of the aorta and it was felt that | months after administration of 5,500 f. 
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Fic, 4. Same specimen as in Figure 3 showing gross fibrosis but no active tumor. 


course a common one in lesions of the mid- 
dle third of the esophagus which are not 
treated. 

Perhaps unexpectedly, 
severe radiation pneumonitis was confined 
to 1 case. A transient shadow was seen in 
the pulmonary parenchyma in 1 patient 
but he was entirely asymptomatic. The 
patient who did develop pneumonitis was 
greatly distressed by dyspnea but his symp- 
toms rapidly cleared under steroid ther- 
apy. He subsequently developed a spon- 
taneous pneumothorax which was treated 
by drainage with complete re- 
the lung. The etiology of this complication 
is not clear. In none of the 41 patients, nor 
in fact in any of the patients treated by 
this technique, was the constitutional upset 
associated with radiation therapy a prob- 
lem sufficient to warrant interference with 
the normal course of therapy. The occa- 
sional slight nausea in a few patients was 


readily controlled by the administration of 


one of the antiemetic preparations. 


POST-THERAPY ESOPHAGOSCOPY 


Many patients have in the past been 
treated by radiation therapy but there are 
few observations in the literature on the 


the finding of 


expansion of 


local results of treatment or the effect on 
the esophagus. When a stricture was ex- 
cised in t patient early in this series, it was 
clear that the esophagus, exclusive of the 
stricture, Was quite healthy and we felt that 
little harm could ensue in other patients 
from esophagoscopy follow ng treatment. 
Accordingly, four weeks after completion 
of treatment, several of these patients were 
subjected to esophagoscopy and_ biopsies 
were taken from the area where the tumor 
had originally been identified. These re- 
sults will be published separately. A total 
of 14 patients were esophzgoscoped sub 
sequent to treatment and the biopsies were 
entirely negative, showing only scarring, in 
all but 1 of these. The patient who showed 
a positive biopsy after treatment died of 
his disease three months later. In all of the 
cases à characteristic circumferential con- 
traction of the esophageal lumen, with 
smooth walls, was seen. A bougie was 
passed through this constriction which was 
found to be readilv distersible. Biopsies 
were then taken from the area below the 
constriction. No complications ensued from 
this procedure and, while a negative biopsy 
is of little significance, a positive finding 
soon after treatment is obviously a useful 
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prognostic indicator and it is felt that this 
procedure is of considerable value. 


DISCUSSION 


During the past six years, some experi- 
ence has been gained in the treatment of 
lesions in the midline of the body, chiefly 
carcinoma of the esophagus. Using a screen 
intensifier technique with televised image, 
it has been possible to follow the lesion 
throughout the course of treatment on the 
screen and thus to reduce the width of the 
treatment field and to ensure that the le- 
sion is within the treated area at all times. 
Greatest experience has been gained with 
lesions of the middle third of the esophagus, 
it being felt that the very high mortality 
associated with the surgical resection of 
lesions in this area did not justify operative 
treatment. The survival of the patients 
treated with the technique described in 
this paper cannot be considered satisfac- 
tery bur the palliative value of the treat- 
ment is certainly substantial, since the 
great majority of the patients were able to 
swallow normally for the remainder of the 
time that was left to them. 

It is telt that this relatively simple pro- 
cedure affords better palliation than sur- 
gery and, although no long term survivals 
have yer been obtained with this technique, 
late recurrence at the site of the lesion has 
not occarred. Those who have died after 
long periods of freedom from disease have 
done so either from metastases which would 
not have been prevented by surgery or, in 
1 instance, by an over-enthusiastic attempt 
at dilatation of an incomplete stricture. 
No patient died as a result of the procedure 
and the complications arising from the 
treatmeat are those common in untreated 
carcinoraa of the esophagus or are rela- 
tively insignificant in relation to the seri- 
ousness of the primary disease. Radiation 
pneumonitis was not a serious complication 
except m 1 patient and in his case the 
period of morbidity was only about two 
weeks. 

This technique has, in this hospital, been 


used in association with a 250 kv. machine 
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and it is difficult to believe tha- with super- 
voltage any better results will be obtained. 
However, the screen intensifier technique 
can be readily employed with a 2 mev. 
machine with a small focal spot. This no 
doubt is a rational extension of the tech- 
nique but in this series the tumor dose to 
be delivered to the primary lesion has never 
been limited by the skin reaction or by the 
development of pneumonitis. 


SUMMARY 


1. The use of the Johns Hopkins screen 
intensifier in the treatment of carcinoma 
of the esophagus by rotatioaal therapy 
with a 250 kv. machine is described. 

2. W th. this technique a very narrow 
beam of radiation can be used and treat- 
ment of the desired area throughout the 
course of therapy can be ensu-ed. 

3. The results of this treatment over a 
period of six vears are not gratifving in 
terms of survival but the palBative effect 
of the treatment is at least as good as that 
associated with surgical resection or with 
other methods of radiation therapy. Fur- 
thermore, there is no mortality associated 
with this procedure and, when a larger 
series of patients is treated, it is con- 
fidently expected that an occasional long 
term survivor will appear. 

4. The possible value of post-treatment 
esophagoscopy is discussed. lr a series of 
patients so investigated no ccmplications 
ensued. 

5. The problem of dosimetry in rota- 
tional therapv is also discussed briefly and 
it is concluded that the transmission dose 
calculations give a value closely approxi- 
mating the true tumor dose as measured 
by an ionization chamber placed at the site 
of the lesion. 


R. J. Dickson, M.D. 

Department of Radiation Therapy 
The Johns Hopkins Hospital 
Baltimore c, Maryland 
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ENDOBRONCHIAL MALIGNANT LYMPHOMA* 
REPORT OF FIVE CASES IN ADULTS 


He MELVIN L. SAMUELS, M.D, CLIFTON D. HOWE, M.D., GERALD D. DODD, Jr, M.D, 
LILLIAN M. PULLER, M.D., C. C. SHULLENBERGER, M.D., and 
WILLIAM L. LEARY, M.D. 


HOUSTON, TEXAS 


MHE pulmonary manifestations of ma- 

- lignant. lymphoma have been fully 
described in the literature with respect to 
mediastinal disease, pleural involvement 
amd parenchymal infiltration. The small 
number of reports concerning endobron- 
chial invasion with atelectasis has attracted 
tie present authors’ attention. The ma- 
josty of these deal with isolated cases and, 
insofar as we have been able to determine, 
oniv 2 cases have been previously reported 
in the radiologie literature. >S Soulas? de- 
scmbed an interesting case of obstructive 
emphysema secondary to partial occlusion 
of the right mainstem bronchus by Hodg- 
kir^s granulomatous tissue. He performed 4 
brenchoscopic studies over a ten month 
period and only the fourth biopsy was 
diagnostic of Hodgkin's granuloma, show- 
ing Reed-Sternberg cells. A case of com- 
plete occlusion of the left mainstem 
brenchus by Hodgkin’s granuloma was 
reported by Paviot ef alë The occlusive 
mess appeared at postmortem examination 
as coagulated mucus but microscopic exam- 
inetion disclosed a true granuloma. In a 
case presented by Heatly,’ atelectasis of 
the right lower lobe was found to be caused 
by a smooth, slightly reddish mass resem- 
bing a bronchial adenoma. Although the 
bopsy of this mass was suggestive of 
lymphoma, a thoracotomy was required to 
establish a positive diagnosis of Hodgkin’s 
sease. Hardin’s? case illustrated a pro- 
gressive atelectasis of the entire right lung 
witi intermittent relief following irradia- 
tios of the mediastinum. The radiation dose 
was not specified and the disease subse- 
quently became refractory to this form of 
therapy. 





The article by Moolten? presents an 
accurate description of the pathologic 
nature of pulmonary Hodgkin's disease. 
Detailed postmortem studv was reported in 
8 cases and in 4 granulomatous infiltration 
of the bronchi was demonstrated. In a fifth 
case, a polvpoid mass projected into and 
completely occluded the right mainstem 
bronchus. This was thought to result from 
an unusual accident of growth which 
altered the course of the disease and pro- 
duced early death. 

We have encountered § cases presenting 
this complication and do not regard it as an 
unusual growth variant. Rather, it should 
be considered a true facet of systemic 
Ivmphomatosis, the developement of which 
may be facilitated by initially inadequate 
irradiation of the mediastinum. 

The pertinent data referable to the pul- 
monary aspect of these cases are presented 
in the following case histories and the radia- 
tion therapy data are given in Table 1. 


REPORT OF CASES 


Case 1. R. G., a thirty year old Negro female, 
was admitted to the M. D. Anderson Hospital 
on January 3, 1957, with chief complaints of 
progressive dyspnea and severe, irritating non- 
productive cough of one month’s duration. 

A diagnosis of generalized Hodgkin’s disease 
was established on June 3, 1954, on the basis of 
cervical and mediastinal lymphadenopathy and 
a positive right cervical lymph node biopsy. On 
July 15, 1954, radiation therapy was started 
and 1,200 r was delivered to the mediastinum 
through parallel opposing fields and an addi- 
tional 1,500 r to the right neck. Treatment was 
completed to both areas over a sixteen day 
period. On February 8, 1955, the mediastinum 
was re-treated for recurrence. A dose of 2,000 r 
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Taze I 


ROENTGEN THERAPY DATA 








Patient 





Tumor Dose Survival Post Irradiation Cause of Death 
Case I* (a) 250 kv., H.V.L. 1,900 r 9 mo. Acute congestive heart fail- 
RG. 3.1 mm. Cu ure; no postmortem ex- 
(b) Betatron 1,100 in 5 wk. amination 
Case II 250 kv., H.V.L. 2,030rin 36da. 8 mo. follow-up, negative Lost to follow-up 
EL. 3.1 mm. Cu chest roentgenogram but 


Case IIIf (a) Rotational 220 2,000 r in 24 da. 
V.E. kv., H.V.L. 2.75 
mm, Cu 
(b) 250 kv., H.V.L. 2,050 r in 24 da. 
3.1 mm. Cu 
Case IV 250 kv., H.V.L. 2,100 r in 38 da. 
J.V.B. 3.1 mm. Cu 
Case V 250 kv. grid 2,400 r in 38 da. 
E.Y. H.V.L. 1.1 mm. 
Cu 


18 mo. 


6 mo. follow-up, negative 


15 da. 


aggressive disease pres- 
ent in other areas 


Peritonitis from perforated 
peptic ulcer, prepyloric; 
residual endobronchial 
disease 


Lost to follow-up 
chest roentgenogram but 

aggressive disease pres- 

ent in other areas 


Uncontrolled congestive 
failure, myocardial tumor 


infiltration; thrombosis of 


superior vena cava 





* Previously administered therapy for mediastinal lymphadenopathy: 1,200 r at 250 kv. in 16 days in July, 1954; 2,000 r at 250 


kv. in ro days in February, 1955. 


+ Previously administered therapy for mediastinal lymphadenopathy: 1,200 r in air to each of 15X 15 cm. anterior and posterior 


ports in 1950. 


was delivered through parallel opposing ante- 
rior and posterior ports over a ten day period. 

Physical examination revealed an acutely ill 
female extremely dyspneic and coughing at 
frequent intervals. Moderate discrete, firm, 
nontender lymph nodes were noted in the left 
cervical, axillary and supraclavicular areas. 
Coarse ronchi were heard over the right chest 
and there was dullness with absent breath 
sounds over the entire left chest. The liver was 2 
fingerbreaths enlarged and the spleen not palpa- 
ble. 

The clinical impression of atelectasis of the 
left lung was confirmed by a chest roentgeno- 
gram (Fig. 1,£). Bronchoscopy disclosed com- 
plete closure of the left mainstem bronchus at 
the level of the carina by an irregular growth of 
firm, nodular, grayish-white tumor tissue. The 
biopsy specimen from this area showed an atyp- 
ical lymphatic infiltrate compatible with malig- 
nant lymphoma. 

The patient was placed in an oxygen tent on 
the day of admission because of severe dyspnea 
and six days later radiation therapy to the 


mediastinum was started. After one week of 
therapy, marked improvement allowed discon- 
tinuation of oxygen. A total dose of 3,000 r was 
given over a period of five weeks. A roentgeno- 
gram of the chest at the completion of therapy 
showed complete aeration of the left lung and 
the patient was discharged (Fig. 1B). 

Six months later, the patient was re-admitted 
in a terminal condition and expired on the third 
hospital day. A portable chest roentgenogram 
showed only a left pleural effusion. Permission 
for postmortem examination was denied. 


Case u. L. S., a forty year old Negro male 
minister, was admitted to the M. D. Anderson 
Hospital on June 1, 1956, with complaints of 
severe weakness, dyspnea, a dry irritating 
cough and edema of both lower extremities of 
several weeks’ duration. A diagnosis of lympho- 
sarcoma was established eleven months previ- 
ously. 

On physical examination, dullness and absent 
breath sounds were noted over the entire left 
lung. There was a suggestion of several deep 
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Fia. 1. Case: 


. Endobronchial Hodgkin’s disease. (7) Atelectasis of the left lung. (B) Comp'ete re-expansion 


of the lung following roentgen therapy. (The findings were identical in Case i1.) 


masses in the midabdomen though the liver and 
spleen were not enlarged. À roentgenogram of 
the chest demonstrated massive opacification of 
the left lung field with a shift of the heart and 
mediastinum to the left. Bronchoscopy showed 
complete occlusion of the left mainstem bron- 
chus about 1 cm. below the carina by a firm 
mass of grayish-white tumor tissue. This was 
bioosied and histologic examination revealed a 
wh te cellular infiltrate of lymphomatous char- 
acter. Although Reed-Sternberg cells were not 
seen, the general pattern of the tumor suggested 
Hodgkin: s disease. 

Eadiation therapy was given through an- 
teror and posterior mediastinal fields for a 
minimal dose of 2,030 rin thirty-six days. After 
twe weeks of therapy, dyspnea was consider- 
abl; improved. After three weeks of therapy, a 
roeitgenogram of the chest showed complete 
re-expansion of the left lung. 

Two months following discharge, the patient 
was admitted again to the hospital with com- 
pla nts of extreme weakness and subcutaneous 
nočules over the chest, abdomen and groin. 
Physical examination disclosed the presence of 
hard subcutaneous nodules scattered over the 
chest and abdomen, measuring from 1 cm. to § 
cm. in diameter. A biopsy of one of the abdomi- 
nal nodules showed an atypical lymphatic infil- 
tration compatible with lymphosarcoma. A 
repeat chest roentgenogram showed both lungs 
to Le expanded with no evidence of mediastinal 
lymphadenopathy. Therapy consisted of 40 mg. 
of ritrogen mustard intravenously in one dose. 














The patient was discharged twelve days later at 
his own request with no improvement noted. 
Six months later progression of the skin nodules 
was noted, but a chest roentgenogram was nega- 
tive. This patient, unfortunately, has been lost 
to follow-up and is presumed dead. 


Case m. V. E., a forty-five year old house- 
wife, was admitted to the M. D. Anderson 
hospital on November 24, 1954, with com- 
plaints of progressively worsening dyspnea and 
^ cough of five months’ duration. 

A diagnosis of Hodgkin's disease was estab- 
lished during October, 1957, at another hospital 
by cervical. lymph node biopsy. Radiation 
therapy was given at the same institution to the 
mediastinum and we were informed that the 
dose was 1,200 r in air to anterior and posterior 
fields over a period of twenty-one days. 

Physical examination revealed an ill-appear- 
ing middle-aged white female | having consider- 
able difficulty breathing. Ronchi and wheezing 
were noted over both lung fields. Small shotty 
lymph nodes were found i in the cervical, axillary 
and inguinal areas. The liver and spleen were 
not enlarged. A chest roentgenogram showed a 
large mediastinal mass, predominantly left 
sided, and a definitely enlarged right d 
shadow. The transverse measurement of th 
mass was I8 cm. 

On November 25, the day following admis- 
sion, 30 mg. of nitrogen mustard was given 
intravenously in a single dose and within two 





days dyspnea was much improved. The patient 
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was discharged on the seventh hospital dav and 
seen in the out-patient clinic two weeks later. 
She was virtually free of symptoms except for 
mild nausea. A repeat chest roentgenogram 
showed regression in the size of the mediastinal 
mass from 18 cm. to 12 cm. 

During the next four and one-half months, 
the clinical situation remained unchanged. 
After this period, a progressive increase in the 
mediastinal mass was observed with no associ- 
ated symptoms. It was decided to re-treat the 
mediastinum with radiation therapy. Using 220 
kv. rotational therapy, 2,000 r was delivered to 
the mediastinum over a twenty-four day period 
ending June 10, 1955. Serial chest roentgeno- 
grams demonstrated no significant regression of 
the mediastinal mass, and on September 14, the 
patient was re-admitted and so mg. of nitrogen 
mustard was given in one dose. After seventeen 
days of hospitalization, she was discharged to 
the out-patient clinic. Although a significant 
dimirution occurred in the size of the mass, it 
was less than the first nitrogen mustard induced 
response. This remission lasted four months 
after which an irritative cough and exertional 
dyspnea occurred. However, she was not re- 
admitted until October 12, when cough and 
dyspnea were severe at rest and associated with 
left pleural effusion. A chest roentgenogram 
after the removal of pleural fluid showed atelec- 
tasis of the left lower lobe. Bronchoscopy dis- 
closed a symmetric, constrictive process begin- 
ning above the superior dorsal orifice which 
appeared to be extra-mucosal, firm, dull-gray 
and bled a little with instrumentation. Biopsy 
disclosed onlv atypical fibrosis. Laminagrams 
through the left hilar area showed complete 
obstruction of the lower lobe bronchus, the end 
of the air column appearing smooth and ta- 
perec, suggesting extrinsic pressure. After two 
weeks of supportive therapy, the patient was 
discharged improved, nitrogen mustard and 
radiation therapy being withheld. Some two 
weeks later, re-admission was again necessary 
for cough and dyspnea and a repeat bronchos- 
copy was done with the same gross and micro- 
scopic findings as previously observed. Thora- 
centesis of the left chest yielded 2 liters of fluid 
and considerably relieved the dyspnea. On 
November 23, radiation therapy was started to 
the left mediastinum through anterior and 
posterior fields. Over a period of four weeks, 
2,050 r was delivered. For a period of two 
months following the completion of therapy, the 
patient did well after which dyspnea again 
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supervened and was not alleviated by a left 
thoracentesis. Over an interval covering the 
next eleven months, 6 additional hospitaliza- 
tions were necessarv for chronic productive 
cough, progressive dyspnea and recurrent left 
pleural effusion. Thoracentesis was necessary 
during each admission and, in addition, 30 mg. 
of nitrogen mustard was instilled into the left 
pleural cavity on August 6, 1957 and 20 mg. was 
given intravenously on September 23, 1957. 
Two bronchoscopies as well as bronchography 
(Fig. 2) were performed during this period but 
yielded no additional information. 

The final admission was on April 18, 1968, at 
which time the patient was seen in the out- 
patient division and was obviously terminal. 
She expired the following day. 

Postmortem examination disclosed a perfo. 
rated prepyloric ulcer with acute peritonitis. 
There was generalized lymphadenopathy as 
well as foci of tumor in the liver and spleen. The 
entire left lung was completely atelectatic and 
bilateral pleural effusion was present. The left 
mainstem bronchus was infiltrated by scattered 
zones of tumor tissue. The upper lobe orifice was 





Fic. 2. Case ur. Endobronchial Hodgkin’s disease. 
Bronchogram demonstrating complete obstruction 
of left lower lobe bronchus with peripheral atelec- 
tasis, 
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very small and the lingular divisions were 
clesed by dense grayish-white desmoplastic 
tumor tissue. The lower lobe bronchus was 
pacent but showed tumor infiltration in the 
peibronchial zone. Tt is to be noted that endo- 
brenchial disease was first noted in October, 
1976, nine years after the positive establishment 

zkin's disease, and was manifested by 
cough, dyspnea and atelectasis of the lower left 
lobe. 





Jase iv, J. V. B, a sixty-five year old white 
farmer, was referred to the M. D. Anderson 
Hespital on November 22, 1955, with the chief 
complaimt of hemoptysis of three weeks’ dura- 
tion. A diagnosis of Hodgkin’s granuloma was 
established at another hospital on January 24, 
1974. A chest roentgenogram at this time dis- 
closed right hilar and paratracheal masses. 

Physical examination revealed an elderly 
white male. Small firm lymph nodes were palpa- 
abe in both axillary areas but there was no 
cervical or inguinal lymphadenopathy and 
the liver and spleen were not enlarged. Fine 
midst rales were heard in the right mid-lung 
fell anteriorly and posteriorly. 

Chest roentgenograms and laminagrams 
shcwed a large thick-walled cavity in the right 
parahilar area with a zone of solid infiltration 
inferiorly and medially (Fig. 3.7). Bronchos- 
copy disclosed an irregular grayish-white 
turor mass beginning just below the spur of the 
rigat upper lobe orifice and extending down the 
brenchus intermedius, The lumen was so nar- 
rowed as to not permit passage of the broncho- 
scope more than a centimeter below the carina. 
Bicpsy disclosed the presence of an atypical 
round cell infiltrate which was felt to be com- 
patible with malignant lymphoma. On Decem- 
ber 13, 1955, radiation therapy was started, 
pneumoperitoneum having been established the 
previous day. An estimated dose of 2,100 r was 
del vered to the cavity area and right bronchus 
over a thirty-eight dav period and hemoptysis 
war completely controlled (Fig. 38). 

Six months later, the patient was re-admitted 
to che hospital because of weakness and a 35 
pound weight loss. Physical examination dis- 
closed no enlarged lymph nodes or hepato- 
splenomegaly and the chest was clear. A roent- 
genogram showed only fibrotic scarring in the 
previously treated area. An osteolytic area was 
found in the right ilium. Because of intermittent 
pyrexia with temperature spikes to 102° F., 
nitsogen mustard, 20 mg. intravenously, was 
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Vic. 3. Case iv. Endobronchial and parenchyma! 
Hodgkin's disease. (4) Laminagram showing in- 
flammatory necrosis of parenchymal mass follow- 
ing bronchial obstruction, (B) Complete healing 
with minor residual fibrosis is demonstrated after 
a course of roentgen therapy. 


administered and the patient was discharged 
two weeks later improved. He has been lost to 
follow-up examinations and is presumed dead. 


Case v. E. Y., twenty-six year old Negro 
male janitor, was admitted to the M. D. 
Anderson Hospital on February 19, 1958, with 
chief complaints of dyspnea, irritating cough 
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Fic. 4. Case v. Mediastinal, endobronchial and 
parenchymal lymphosarcoma. (4) Conventional 
chest roentgenogram showing cardiac enlargement 
and right mediastinal and parenchymal masses. 
(Bi Mediastinal laminagram showing conical nar- 
rowing of mainstem bronchus below origin of 
upper lobe division and segmental atelectasis of 
lower lobe. Extrinsic pressure is evident on left 
mainstem bronchus. 


and wheezing respirations of one week's dura- 
tion. A diagnosis of lymphosarcoma was estab- 
lished six months previously at another hospi- 
tal. 

A chest roentgenogram showed a right hilar 
and mediastinal mass with infiltration into the 
right lung field which was felt to be due to 
lymphosarcoma. Also, a small right pleural 
effusion was observed. Thirty milligrams of 
nitrogen mustard were given intravenouslv on 
the second hospital dav and the patient was dis- 
charged on February 26, 1958, markedly im- 
proved with dypsnea virtually absent and 
cough well controlled. On March 6, 19:8, the 
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patient was re-admitted complaining of dysp- 
nea and a dry persistent cough of several days’ 
duration. Breath sounds were distant over the 
right lung field and expiratory wheezes and 
ronchi were scattered throughout both lung 
fields. 

A conventional chest roentgenogram (Fig. 
4.7) showed a large mediastinal mass and an 
intrapulmonary mass on the right side. Lamina- 
grams of the right chest showed a sharp conical 
narrowing of the right mainstem bronchus 
immediately below the upper lobe division with 
segmental atelectasis of the lower lobe (Fig. 
4D). Gross cardiac enlargement was also pres- 
ent. On the fifth hospital day, bronchoscopy 
was accomplished under local anesthesia and 
the bronchus intermedius was noted to be about 
75 per cent occluded by a gravish-white nodu- 
lar tumor mass. Biopsy showed the presence of 
a round cell infiltrate which was thought to be 
compatible with the original diagnosis of 
lymphosarcoma. Sputum cytology examina- 
tions were highly suspicious for bronchogenic 
carcinoma. 

On March 24, radiation therapy was insti- 
tuted to the mediastinum using a grid technique 
in the 250 kv. range. One week later, marked 
Improvement was noted in breathing and oxy- 
gen was discontinued. Therapy was continued 
until April 24, at which time a tumor dose of 
2,400 r was delivered to the mediastinum. At 
this time, further therapy was withheld because 
of recurrent dyspnea with increasing edema of 
the neck, face and upper extremities. Angio- 
cardiography was performed and this revealed 
complete occlusion of the superior vena cava. 
This was regarded as secondary to thrombosis 
rather than tumor and so anticoagulant therapy 
was instituted; however, the patient continued 
to worsen and expired on May 9, 1958. 

Postmortem examination showed thrombotic 
occlusion of the superior vena cava with tumor 
invading its wall, extensive mediastinal lym- 
phoma with invasion of the heart and complete 
patencv of the right and left mainstem bronchi. 
Histologic examination of the -ight mainstem 
bronchus showed a patchy infiltrate of lympho- 
sarcoma tumor tissue with prominent foci of 
necrosis. The character of the tumor tissue of 
the mediastinal lymph nodes as well as of the 
wall of the superior vena cava was that of lym- 
phosarcoma, lymphocytic type, while that of 
the heart was reticulum cell sarcoma. 


DISCUSSION 

The clinical picture of endobronchial 
malignant lymphoma is suggested by a dry, 
irritating cough, frequentlv quite severe 
and associated with dyspnea, in a patient 
with an established diagnosis of lymphoma. 
This was noted in 4 of the § cases presented. 
Hemoprtysis was the initial complaint in the 
remaining case (Case 1v). The roentgen 


demonstration of atelectasis in such pa- 
tients usually indicates the diagnosis, 


although other potential causes of collapse 
must be excluded by detailed clinical 
histories. The atelectasis may involve the 
entire lung or may be lobar or segmental in 
distribution. Contrary to the usual opinion, 
detectable mediastinal lymphadenopathy 
need net be present nor is the pulmonary 
collapse often related to mechanical pres- 
sure by enlarged or matted lymph nodes. In 
general, endobronchial lymphoma seems 
to be a separate manifestation of pul- 
monary Hodgkin’s disease, although in 
some Instances direct spread from adjacent 
involved lymph nodes may play a part in 
the procuction of the atelectasis. However, 
it should be borne in mind that the range of 
roentgen findings may be quite diversified 
as evidenced by the demonstration in 
separate cases in this series of a parahilar 
cavity and a mediastinal mass with pul- 
monary infiltration. 

The preferred treatment of endobron- 
chial lymphoma is roentgen therapy and it 
may be used in palliative or definitive 
fashion, depending on the general condition 
of the patient, aggressiveness of the disease 
and the degree of spread. In general, the 
philosophy of treatment is to deliver an 
initial dose of sufficient magnitude so that 
it will not be necessary to re-treat the same 
arca at a later date. Since the amount of 
irradiation necessary to open a bronchus 
and partially clear it of tumor is not very 
great, the expectant survival of the patient 
becomes the foremost consideration in 
deciding dosage. The tumor dosage neces- 
sary to sterilize an area of lymphomatous 
nodes is open to some debate. In general, it 
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may be stated that the tendercv is toward 
higher values in recent vears. At the M. D. 
Anderson Hospital and Tumor Institute, it 
is felt that a tumor dose of 3,c00 r in three 
to five weeks with an additional 1,000 to 
1,500 r to residual masses, when necessary, 
is required to achieve sterilization. Doses of 
this magnitude, when delivered initially, 
seldom result in recurrence in the treated 
area. Cases 1 and ut had received radiation 
therapy for mediastinal lymphadenopathy 
prior to developing endobronchial disease 
and the doses administered fell short of this 
arbitrary minimum. Hence, these cases are 
considered treatment failures in that it is 
felt that recurrence of the mediastinal 
disease with the endobronchial complica- 
tion might have been prevented. In Cases 
1, 1v and v, the presenting pulmonary pic- 
ture was dominated clinically by the endo- 
bronchial deposits and the disease in each 
of these instances was virulent and aggres- 
sive. In these particular situations, the 
initial radiation. therapy should not be 
considered definitive since the prognosis 
for life beyond nine months to one year is 
poor. À tumor dose of 2,000 to 2,400 r in 
thirty-six to thirty-eight days has been 
found quite adequate to open the bronchus 
and control pulmonary symptoms. It must 
be emphasized that these patients are quite 
ill, daily tolerance to roentgen therapy is 
variable and general supportive measures 
(oxygen, fluids, blood, frequent suctioning) 
are necessary if the patient is to survive the 
treatment. 

Case ut deserves special mention because 
of the long survival (ten and one-half years) 
coupled with the unusual response to 
therapy. Over a three and one-half vear 
period, 4 courses of nitrogen mustard and 
2 courses of mediastinal irraciation were 
undertaken and the response to chemo- 
therapy proved slightly superior than to 
roentgen therapy. The first remissions in- 
duced by nitrogen mustard lasted a total of 
nine months and objective diminution of 
mediastinal lymphadenopathy was noted 
each time. The remaining 2 courses of 
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nitrogen mustard gave only a transitory 
benefit lasting a few weeks. The courses of 
mediastinal irradiation controlled symp- 
toms for a total of four months, but pro- 
duced no objective changes in the chest 
roentgenogram. This is the opposite of the 
expected therapeutic result in that irradia- 
tion is usually the superior modality for 
the control of focal manifestations of 
lymphoma. 

These 5 cases, constituting examples of 
bulky intraluminal growth or broncho- 
stenosis, are but one type of endobronchial 
involvement in malignant lymphoma. The 
more common form is a granulomatous 
panbronchitis or peribronchitis which may 
be associated with a granulomatous inter- 
stitial pneumonia.5 Attention is not called to 
the involvement of the respiratory passages 
in this form since the bronchi become part 
of the disease process “without ever having 
the lead." In the remaining type, scattered 
plaques and nodules are the primary mani- 
festations and are usually multiple and 
diffuse. Heretofore, this has been a post- 
mortem finding except when the nodules 
become sufficiently large to produce ob- 
structive symptoms. 


SUMMARY AND CONCLUSIONS 


1. Four cases of malignant lymphoma 
presenting as mass endobronchial lesions 
andone presenting as bronchostenosis are 
described. 

2. The complication is characterized by 
persistent, dry, irritating cough, usually 
associated with dyspnea and the physical 
and roentgen findings of atelectasis. The 
roentgen picture does not differ in any way 
from that of atelectasis due to other causes; 
however, it has not been widely emphasized 
that endobronchial disease is usually re- 
sponsible for the atelectasis and that pres- 
sure from enlarged mediastinal lymph 
nodes does not play a singificant part in the 
bronchial occlusion. 

3. Bronchoscopy revealed obstructive 
nodular lesions in 4 cases and an extra- 
mucosal constriction in the remaining case. 


Melvin L. Samuels ef al. 
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Bronchoscopic biopsy was definitive in 1 
case only. 

4. Criteria for adequate roentgen ther- 
apy are postulated and it is urged that such 
treatment be given initially to uncompli- 
cated mediastinal lymphadenopathy. Fail- 
ure to do so may result in recurrence of the 
disease in the treated area with complicat- 
ing endobronchial involvement. This was 
believed to have occurred in 2 of the 
presented cases. 

5. Endobronchial involvement dominated 
the initial pulmonary manifestations in 3 
instances. This is probably indicative of 
virulent disease and the prognosis of sur- 
vival beyond nine months to one year is 
poor. Therapy in palliative doses is usually 
adequate to control obstructive pulmonary 
manifestations in such cases. 


Gerald D. Dodd, M.D. 

Section of Diagnostic Radiology 

University of Texas M. D. Anderson 
Hospital and Tumor Institute 

Houston 25, Texas 


ADDENDUM 


Since the submission of this report 2 
additional patients with endobronchial in- 
vasion have come to our attention. 


The first of these, a sixty-one year old white 
female, complained of a spastic, irritating, non- 
productive cough with increasing dyspnea of 
three months’ duration. Lymphosarcoma had 
been previously diagnosed from a left cervical 
lymph node biopsy on July 1, 1952. Physical, 
examination disclosed very "distant breath 
sounds in the left lung field and the chest roent- 
genogram showed bilateral emphysema which 
was increased as compared to previous exam- 
inations dating back several years. Bronchos- 
copy disclosed a lymphomatous occlusion of 
the left mainstem bronchus at the level of the 
carina. Bronchoscopic secretion was classified as 
malignant cells, Grade v, and the biopsy as 
reticulum cell sarcoma. Nitrogen mustard, 20 
mg. intravenously, has presently controlled 
respiratory symptoms and radiation therapy is 
to be administered. 

The second patient, brought to our attention 
through the courtesy of Dr. Leonard C. Double- 
day, was a fifty year old white female with the 
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chief complaint of pain in the chest. A conven- 
tional reentgenogram of the chest disclosed a 
small quantity of fluid on the left in association 
with atelectasis of the left lower lobe. In the 
lateral projection, a small anterior mediastinal 
mass was demonstrable. Bronchoscopic studies 
showed a tumor of the left lower lobe bronchus 
which was interpreted by the pathologist as un- 
differentiated squamous cell carcinoma. Irradi- 
ation was administered and, after a tumor dose 
of 1,009 r, complete re-expansion of the left 
lung was obtained and therapy was discon- 
tinued. The patient was relatively well for 
approximately one year at which time medias- 
tinal adenopathy recurred as well as skeletal 
disease. The patient went downhill rapidly and 
expired from systemic lymphosarcoma. Review 
of the original slides indicated that lymphom- 
atous tissue had been responsible for obstruc- 
tion of the left mainstem bronchus. 
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ROENTGEN THERAPY IN WEGENER’S 
GRANULOMATOSIS* 


A CASE REPORT 
By M. DONALD MERRILL, M.D.t 


SAN FRANCISCO, CALIFORNIA 


VW ESENERS granulomatosis is a rare 
disease of undetermined etiology 
characterized by (a) granulomatous ulcera- 
tive lesions in the upper respiratory tract, 
(b) widespread granulomata, seen fre- 
quently in the lung, kidney, and spleen, and 
(c) widespread vasculitis and glomerulitis. 
The onset is insidious, beginning with nasal 
obstruction, crusting, epistaxis, or antral 
pain, or lower respiratory tract symptoms 
such as cough, pleurisy, or hemoptysis. The 
disease occurs inost often in young or mid- 
dle aged adults and runs a course averaging 
five months until death. The longest survi- 
val has been reported as four years? Death 
is usually caused by renal involvement. 

Some aspects of the condition closely 
resemble malignant granuloma of the 
nose,L3:511.1244 whereas others appear more 
like periarteritis nodosa.!*"8 No bacterial or 
viral agent has been implicated. Most 
authors infer that an immunologic reaction 
must be considered as the cause of the 
disease,^ ^3 but the evidence is not conclu- 
sive. 

In treating these patients, antibiotics and 
steroids have been used. Radiation therapy 
has produced a temporary response in 
malignant granuloma of the nose,*5 91:3 
but has been used in only a limited number 
of cases of Wegener's granulomatosis. In 
these instances, however, irradiation pro- 
duced at least temporary regression of the 
lesion.*5 Walton,” in a recent concise re- 
view of the subject, held the belief that the 
treatment of choice in Wegener's granulo- 
matosis is radiation therapy to the local 
lesion, together with suitable antibiotics to 
control secondary infection. He stated that 
steroids should be withheld until the local 
lesion has healed so that defense against 
infection of the open lesions is not hindered. 


Some authors,*7 on the other hand, make 
no mention of radiation therapy. 

In the patient reported here, roentgen 
therapy produced good temporary regres- 
sion of local lesions, but the ultimate out- 
come was, as usual, death. 


REPORT OF A CASE 


The patient was a forty-four year old white 
housewife who was first seen in the Radiation 
Therapy Department of the University of 
California Medical Center in April, 1958, with a 
two months' history of painless swelling in the 
right parotid gland region. Occasional warmth 
of the skin overlying the mass had been noted, 
but there had been no real pain or tenderness. 
Sialography had been reported as negative. The 
swelling did not appear to be the usual parotitis. 
A biopsy was not done. 

After the mass had enlarged slightly during a 
period of two months, and had been diagnosed 
as chronic parotitis, roentgen therapy to a dose 
of 1,100 r in air (1,300 r on skin) was delivered 
in fifteen days using 250 kv. peak, Thoraeus 11 
filter, half value layer of 3.2 mm. Cu and target 
skin distance of 50 cm. The size of the mass de- 
creased during treatment and it was no longer 
detectable two months later. 

When seen in August, 1958, the patient had 
been hoarse for three weeks and had some 
edema in the left side of the larynx, asymmetry 
of the neck, and generalized swelling of the right 
temporalis muscle. During that time she had 
developed a fever, enlarged bilateral subman- 
dibular lymph nodes, and purulent exudate in 
the pharynx. She was admitted to the hospital 
and an enlarged submental lymph node was 
removed for biopsy, since the possibility of a 
lymphoma was being considered. The patholo- 
gist reported "marked hyperplasia of lymph 
node showing focal necrosis and eosinophilic 
infiltration." Ulcerations appeared on the hard 
palate and large masses in the tonsillar regions 
were covered with exudate. Histologic examina- 
tion of hypertrophied oropharyngeal lymphoid 


* From the Department of Radiology, University of California, School of Medicine, San Francisco, California. 
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bands showed a granulomatous process of “un- 
classified” type, with ulceration. The blood 
cel! count, chest roentgenogram, urinalysis, and 
bome marrow tests were normal. With nonspe- 
cific supportive care, her general condition im- 
preved and the patient was discharged after 
three weeks in the hospital. 

She was readmitted on October 6 with a pro- 
ductive cough, fever, elevated white blood cell 
count, amd roentgenographic evidence of patchy 
paeumonitis at the right lung base. There was 
edema of the larynx, lymphoid hyperplasia in 
the posterior pharynx, and white plaques over 
the posterior pharynx and larynx. A tracheot- 
ony was performed because of respiratory 
embarrassment. Biopsy of a posterior cervical 
lymph rede revealed "reticulo-endothelial hy- 
perplasià" and a subsequent biopsy of the 
hvpopharynx was reported “chronic non- 
specific granulomatous ulcerative inflamma- 
tion.” Treatment consisted primarily of penicil- 
lin and prednisone. The laryngeal edema de- 
creased, pneumonitis subsided, and the tracheot- 
omy tube was removed. She was discharged on 
prednisone after a hospital stay of seven weeks. 

On Jamuary 4, 1959, the patient was read- 
mitted because of fever and inability to swal- 
low. At that time, she had granulomatous 
lesions of the lateral pharnyx with general 
mucosal hypertrophy and superficial ulceration 
of the aryepiglottic folds. Since the original 
therapy to the parotid area had led to marked 
regression, roentgen therapy was given to both 
sides of the neck, using the same factors as in 
the previous treatment of the parotid area, 
delivering 400 r in air (soo r skin dose) to each 
side in ten days. The symptoms were relieved 
tensporazly and the pharyngeal and laryngeal 
edema was greatly reduced. Ten days later, 
however, there was increased edema in the sub- 
mental and submandibular areas, with recur- 
rent diffculty in breathing and swallowing. 
Roentgen therapy of 600 r skin dose in six days 
was given to the submental area, which resulted 
in amelioration of symptoms and in regression 
of the swelling. At this time, nodular densities in 
the lower lung fields were noted in roentgeno- 











grams and reported as “consistent with 
Wegener's granulomatosis.'? Although the 


densities increased, the patient's fever and 
symptoms subsided and she was discharged on 
February 2, 1959. 

On March 14, 1959, the patient was read- 
mitted because of high fever, weakness, dvsp- 
nea, and swelling of the neck tissues. Her 
pharynx was again injected, with slight hvper- 
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lic. 1. Contrast medium outlines a fistulous tract 
from the left pyriform sinus to the level of T1. 


trophy of lymphoid tissues. A sirus tract had 
developed from the left pyriform sinus into the 
soft tissues of the neck and was demonstrated, 
by contrast roentgenography to extend to the 
level of Ti (Fig. 1). Roentgenograms of the 
chest showed multiple nodular densities in the 
lungs, one with cavitation (Fig. 2). A new 
biopsy of the pharyngoesophageal area showed 
“non-specific chronically inflamed granulation 
tissue," Edema of the tissues surrounding the 
trachea caused marked narrowing of the airway 
down to the level of the coryna. Treatment was 
continued with prednisone and antibiotics. 
During the last three days of life, the patient 
received roentgen therapy to the neck and 
superior mediastinum, 100 r skin dose daily, but 
she died of respiratory obstruction on April 3, 
1959. 


98 M. Donald Merrill 





Fio. 
hospital admission, shows mutliple nodular den- 
sities in both lungs with cavitation near the right 
hilus. In addition, there is some consolidation in 
the right middle lobe. Note the narrow airway in 
the larynx. 


2. Chest roentgenogram, at the time of final 


Postmortem examination showed granuloma- 
tous lesions in the nasopharynx, hypopharynx, 
larynx, and trachea. The epicardium showed 
profuse infiltration with round cells, eosinophils, 
and the suggestion of a pseudogranulomatous 
pattern in focal areas. In the mediastinum, a 
granulomatous reaction Involved the great ves- 
sels and the roots of the lungs, with a gross 
residual alveolar pattern in the background, 
and eosinophilic, necrotic, hyalinized material. 
Peribronchial infiltration with round cells 
gradually changing to eosinophilic infiltration, 
central necrosis, and epithelioid cells, and pan- 
perivascular infiltration of arteries and veins 
were seen. The parotid glands appeared normal 
except for postmortem autolysis and periductal 
fibrosis. The kidneys showed occasional focal 
round cell infiltration in the perivascular areas, 
and glomerular tufts showed adhesions to 


Bowman’s capsule, some engorgement and 
edema, and round cell infiltration. The final 


diagnosis was Wegener’s granulomatosis. 


SUMMARY 

Wegener’s granulomatosis, a fatal dis- 
ease of questionable etiology, produces 
granulomatous, ulcerative lesions in the 
upper respiratory tract, widespread granu- 


JANUARY, 1961 
lomata, and widespread vasculitis with 
glomerulitis. Treatment with antibiotics, 
steroids, and roentgen therapy produces 
temporary palliation only. 

A patient Is re epor ted in whom roentgen 
therapy produced dramatic, although only 
temporary, relief from upper respiratory 
lesions, supporting Walton’s statement that 
radiation therapy is of value in treating the 
local lesions of this disease. 

Samuel Merritt Hospital 
Hawthorne and Webster Streets 
Oakland, California 
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THE EARLY DIAGNOSIS OF PROSTATIC MALIG- 
NANCY BY THE USE OF P** 
By MARVIN E. HASKIN, M.D,f MILTON L. WAGNER, M.D} MILTON IVKER, M.D. 
and BERNARD P, WIDMANN, M.D.$ 


PHILADELPHIA, PENNSYLVANIA 


CARCINOMA of the prostate is the 
most frequent of the malignant neo- 
plasms found in men over fifty years of age, 
and the third in incidence as a cause of 
death. The early diagnosis of this malignant 
tumor, while the process is still confined to 
the gland and curable, is extremely difficult 
at the present time. The most common 
screening procedure used is the digital ex- 
amination, which is unreliable in early 
carcinomas. In one reported series, only 23 
per cent of early malignant tumors were 
correctly diagnosed by palpation.’ Jewett! 
compared the digital rectal examination 
findings in 108 benign and 103 malignant 
nodules of the prostate and was unable to 
find any discernible difference. 
Tissue examination is, of course, the ideal 
method of diagnosis. However, tissue ob- 
tained bs transurethral resection is unreli- 
able for diagnostic purposes because this 
procedure does not always remove tissue 
from the posterior lobe—the most frequent 
area of mvolvement. Perineal needle biopsy 
is a more satisfactory method but is a blind 
procedure. The area of involvement, espe- 
rally if small, may be readily missed. Bi- 

*opsy through the rectum is an operating 
room procedure requiring anesthesia. While 
the results are satisfactory, the morbidity is 
somewhat high. Open perineal biopsy is the 
best method. It is, however, a major opera- 
tive procedure. 

‘The aecessity for additional diagnostic 
methods to supplement the digital exami- 
nation, vet not requiring surgery, becomes 
apparent. 

We have, therefore, tried to develop a 
quick, sample, and reliable screening test 
which will aid in determining when more 











definitive diagnostic measures are needed. 
The test is based on the differential absorp- 
tion of radioactive phosphorus (P?) by 
benign and malignant tissue. These differ- 
ences in absorption are measured by a small 
Geiger-Müller probe which is inserted into 
the rectum over the area of the prostate. 


BIOLOGIC BACKGROUND 


P? is a pile-produced isotope with a half 
life of 14.3 days. It is a pure beta emitter 
with the beta particles having a maximum 
energy of 1.7 mev. 

Marshak,’ in 1940, found high concentra- 
tions of P? in tumor nuclei of mice lym- 
phoma transplants. He concluded that the 
greater uptake in the tumor cells was due to 
their increased mitotic activity and was 
not a specific characteristic of this tumor? 

Others have shown that the higher 
pickup of P? was due to its intracellular 
incorporation into desoxvribonucleic acid, 
ribonucleic acid and other nucleotides 
which are present in higher concentrations 
in malignant cells. This was demonstrated 
in such tumors as those of the ovary, breast, 
stomach, and prostate.99..!! Along with the 
increased formation of nucleic acids, their 
metabolic activity has been shown to be 
higher by increased P? turnover. Schulman 
et al. demonstrated that the increased rate 
of P? turnover was limited te the cancer 
cells themselves, and that these changes 
were not demonstrable in the surrounding 
tissue. 

In 1941, Kenney ef al? introduced the 
concept of the “differential absorption 
ratio" (D.A.R.). This is the ratio of P? 
absorbed by the tissue in question in rela- 
tion to the amount the tissue would have 
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contained if the isotope had been equally 
distributed throughout the body. He was 
able to show significant differential absorp- 
tion ratios in breast adenocarcinoma, oste- 
ogenic sarcoma, and lymphosarcoma. 

Inflammatory tissue has also been shown 
to absorb P? in different amounts than 
malignant tissue. Thomas ef al.“ induced 
inflammatory lesions in the eyes of rabbits 
and found that after an initial increase in 
absorption, due to the increased vascularity 
associated with inflammation, the uptake 
gradually approached that of the normal 
eve over a period of minutes. For this rea- 
son it was felt that there would be no diffi- 
culty in differentiating inflammatory from 
malignant lesions. Low-Beer® was able to 
demonstrate differences between breast 
carcinomas and mastitis. 

Histologic differences in cells do not af- 
fect the counting rate. The concentration of 
the isotope within the cell is reflected by the 
count rate, which is dependent upon physi- 
ologic changes and biochemical activities of 
the cell, not upon morphologic characteris- 
tics.” 


CLINICAL BACKGROUND 

Selverstone ef al? used P for localiza- 
tion of brain tumors, inserting a specially 
designed Geiger-Müller probe into the 
brain substance. 

Low-Beer® was the first to apply external 
scanning to the breast. Because of the 
limited range of P* beta rays in tissue, this 
method is limited to lesions greater than 3 
to 4 mm. in diameter and no deeper than 5 
to 6 mm. from the surface. In his first report 
of 197 patients he used the criterion of a 
pickup greater than 25 per cent over that of 
normal tissue as indicative of malignancy. 
In this series he had but one false positive 
and three false negative results. 

Others have applied similar techniques to 
eve lesions. Many feel that this test will 
probably find a useful place in ophthal- 
mology. There are, however, limitations 
to the study in this area, e.g., movements of 
the patient's eyes, errors in technique and 
the short range of the P® beta rays.! Be- 
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cause of this, a negative test here does not 
exclude malignancy; however, a positive 
one is strongly suggestive of zt. 


METHOD 


Twenty-nine consecutive patients ad- 
mitted to the genitourinary ward who were 
to have various procedures necessitating 
biopsies or sections of the prostate gland 
were selected. All were over torty years of 
age. A dose schedule of s uc of P? per kilo- 
gram of bodv weight was used. It was given 
intravenously to preclude variations in 
absorption. The dosage emploved here is 
comparable to that in previously reported 
studies on eve and breast lesions. A Selver- 
stone-type brain probe attached to a count 
rate meter was used. 

The prostate gland was divided for re- 
cording purposes into four quadrants. The 
patient was examined as in any routine 
rectal examination. The probe was then 
introduced along the finger and each quad- 
rant of the gland was scanned separately. 
The readings which were recorded were 
those taken in that part of each quadrant 
with the highest count rate. Additional 
readings were taken over any suspicious 
nodule. The count was recorced only when 
the rate meter gave a constant reading of 
double the time constant selected. In our 
series, 20 seconds was used. 


DISCUSSION 


This experiment was set up to determine* 
whether malignant areas of the prostate 
would pick up significantly greater amounts 
of P? than normal tissue, and whether this 
difference could be detected by external 
counting. 

Normal tissue must be present in the 
prostate gland for this test to be valid, since 
there can be no absolute values to indicate 
malignancy. The normal prostatic tissue of 
the individual thus serves as his own con- 
trol. 

The results of the study are given in 
Table 1. The microscopic report confirmed 
the scanning interpretation in every case. 

Count rates of greater than so per cent 


a 


Diagnosis of Prostatic Malignancy Lol 


‘Taare Í 


RESULTS OF SCANNING FOR P UPTAKE 





Right Right Left 











Left Impression | 








l doe | . 
Patier: Upper | Lower Upper | Lower from P* | Clinical | Pathologic 
Quadrant | Quadrant | Quadrant | Quadrant Study | Impression | Diagnosis 
1 soo | foo soo | 6o | B | B | B 
2 geo | 800 800 | 700 I B | B | B 
; | 300 | 240 | 460 | (60) | M M | M 
4 l 320 | 380 » (480) (soo) | M | M | M 
s | 290 | 30 | 30 | (48) | M | M | M 
6 | 680 | 340 | 820 | 680 B | B B 
3; | (6o | 300 | ao | 20 M | M | M 
8 | 40 | so | 10 520 B | B | B 
9 | ao | 3o | 2o 300 B | M | B 
ro | 22 | 200 | 260 250 | B B | B 
u | 450 400 | 420 400 B | M | B 
12 | 140 | 140 — | 130 Iso | B | B B 
13 i 160 | 170 | 140 160 | B | B B 
14 | (549) | 380 | | 300 280 | M | M | M 
15 | 440. | 420 | 380 400 | B B B 
16 | 200 | 22 | 180 160 | B B B 
17 | goo | 38500 | 37 00 | B B B 
IR | 200 | 20 | 180 240 B B M 
19 | 240 | (380) 300 280 M M M 
20 | 230 | 160 (360) 230 | M M M 
21 | 320 240 | (420) 300 M M M 
22 | 380 | 380 {400 | 389 B | B B 
23 | 200 | 200 | 180 | 150 l B B | B 
24 |. 280 | 280 | 280 | 260 B | B B 
25 | 220 | 280 | 280 f 250 B | B B 
26 | 18 | 200 | 220 | 200 B | B B 
27 | 340 | 260 | 260 | 3 B | B B 
28 | 320 | 320 | 240 300 B | B B 
x | 360 320 320 380 B | B B 








about a number indicate a significant count rate. 








under various quadrants are in counts per minute. 


SUMMATION OF RESULTS 








over supposedly normal tissue were consid- 
ered indicative of malignancy. The data 
were then broken down into two groups on 
this bæis—one designated “malignant” 





and the other “benign.” 
A chrsquare test was performed which 


showed that the differences in our diag- 
nosis from those found at microscopy may 
be attributed to chance variations in our 
readings. No significant difference between 
the two could be found (Table 11). 

An analysis of the variance was under- 
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Tase III 


ANALYSIS OF VARIANCE 








P® Test Results Pathology 











(Po) (P) 
Benign 21 20 
Malignant 8 9 
(PaP): {21—20} (8-9)? 
X!e E = .16 
a0 9 


Note: .16 is not significant. 


taken to isolate the factor of individual 
patient differences in counting rates. The 
intrinsic variability of the benign and ma- 
lignant groups was then compared (Table 
III). 

With the factor of patient variation elim- 
inated we would expect that if there were 
no other factors present except experi- 
mental error (variations of equipment, 
differences in reading of the counts, etc.) 
there would be no significant difference 
between the two groups. However, the 
intrinsic variability of the malignant group 
was six times that of the benign group. 
This fact precludes the difference between 
the two groups as being due to chance. 
There must, therefore, be another factor 
present causing this variability, namely, 
the presence of cancer in part of the gland. 

If there is no normal tissue present, a 
differential absorption cannot be obtained 
and malignancy cannot be diagnosed by 
this means. This supposition was tested in 
several patients with known diffuse in- 
volvement of the prostate. As was expected, 
counts were uniform throughout the gland 
and no diagnosis could be made by our 
technique. 

Nodules are ideal for evaluation by this 
method. Two patients in our series had 
nodules which were clinically believed to be 
malignant. P* uptake studies failed to show 
any differential pickup and our impression 
was confirmed by biopsy, which showed 
these nodules to be benign. 

The time at which the procedure was 
performed was not found to be critical. The 
patients were initially examined over vary- 














Sum of Squares af 
en (i Xy 
Total Variability $, X? — ———— N-I 
N 
Variability (Li Xm)? Q Xe 
between Men — Nm — I 
Ny N 

X= each individual value. 

N total number of observations. 

5,72 number of readings for each man. 

n, number of men. 

(x Xm)? 
Experimental Error 2 X?— ——————— 
n N—ngs 
MEN CONSIDERED AS HAVING CANCER 
Sum Mean 
of df Square 
Square Variance 

Total Variability 4,754 3I 
Variability between Men — 2,766 7 395 
Experimental Error 1,988 24 82.8 





The intrinsic variability of the cancerous men is T,= 82.8 
Tom 9.1 


MEN CONSIDERED AS HAVING BENIGN PROSTATE 








Sum of Mean 
Square af Square 
Total Variability 26,264 83 
Variability between Men 25,374 20 1,269 , 
Experimental Error 890 63 14.13 





Tg! 14.13 or Tp7*3.7 
Utilizing the “F” test to determine whether the difference be- 
tween the two variants is due to chance, 


Te — 82.8 


Fa —————— £.9 


Tat 14.1 


This result is highly significant even at the 1 per cent level. 
Note: all basic values have been divided by 10. 


ing time intervals ranging from 10 minutes 
after injection to over a week. The highest 
readings were obtained in the ro to 20 
minute intervals, probably due to the high 
concentration of the isotope in the vascular 
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bed of the prostate and the immediate sur- 
rounding areas. 

In our study we found that the most 
reproducible and most reliable results were 
obtained in the 24 to 48 hour period, since 
variability of blood supply to the gland was 
eliminated. Count rates could also be suc- 
cessively duplicated with greater accuracy 
during this period. This was also the inter- 
val in which the greatest differentiation 
berween benign and malignant areas was 
obtained. The examination can be per- 
formed at one’s convenience any time dur- 
ing the 24 to 48 hour period since counts do 
not appreciably vary during this span of 
time. 

There are two major limiting factors to 
this studv. First, the test is inherently 
limited by the range of the P# beta rays in 
tissue. If the lesion is not within ¢ to 6 mm. 
of the examining finger it will not be de- 
tected by the probe. The second main 
difficulty can be attributed to the design of 
the probe used in this series. The Selver- 
stone-type probe which was used can lead 
to three different sources of error: (1) Be- 
cause of its low sensitivity there will be low 
count rates which can lead to statistical 
inaccuractes. (2) The tip is bulbous and is 
sensitive throughout its entire surface. This 
factor, before it was discovered, led to 
erreneously high readings in the upper 
quacrants of the prostate gland in patients 
with large hypertrophied glands. In these 
cases, the finger was removed from the 
prebe tip in an attempt to get the probe in 
the upper part of the gland. With removal 
of the finger, the probe received impulses 
not only from the prostate gland but from 
the surrounding rectal mucosa. This can 
lead to false positives and must be guarded 
against. (3) Since the tip is bulbous, differ- 
ences in finger pressure result in varying 
amounts ef the surface indenting the gland, 
thus changing the counting area. This 
theoretically can lead to changes in count 
rate. 

It is felt that the technical difficulties can 
be overcome with a properly designed 
probe. Such a probe would consist of a pan- 
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cake-type tip, sensitive in only one plane 
and having a high sensitivity in the beta 
range of P*?, A flexible stem would also be 
desirable. With such a probe, tke accuracy 
and reliability of this test shoulc be greatly 
enhanced. 


SUMMARY 


A new approach to the diagnosis of early 
prostatic malignant neoplasms using ra- 
dioactive phosphorus is described. The 
technical limitations of the studv and the 
equipment used are described. Technical 
improvements in the equipmert are sug- 
gested. Although further experience with 
this test is needed, we feel that it is poten- 
tially an accurate, simple, and reliable 
diagnostic aid which should prove valuable 
in detecting early prostatic malignant 
tumors. 


Bernard P. Widmann, M.D. 
Department of Radiology 
Philadelphia General Hospital 
34th and Curie Avenue 
Philadelphia 4, Pennsylvania 


We should like to thank Mrs. Lillian Siegel 
for her aid in the statistical part of this paper 
and Mr. Wayne A. Meyers, Physicist, for his 
general technical assistance. 
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USE OF A Cs" 


STANDARD OF SPECIAL DESIGN TO 


CALIBRATE SCINTILLATION SPECTROMETERS 
FOR CLINICAL I" MEASUREMENT* 


By MARY C. MORGAN, M.D., 


i xs E adoption of gamma-ray spectrome- 
try techniques to eliminate scattered 
and background radiation in clinical [*! 
measurements has become widespread. = 
The complexity of the required equipment 
has introduced the major ben lem of assess- 
ing the reliability of results obtained bv 
personnel who usually have a superficial 
knowledge of electronics and nuclear phys- 
ics. The paysician can only have complete 
confdence in the measurements if a simple 
and reliable method of calibration is 
adopted. It is especially desirable that this 
calibration be quantitative enough that a 
percentage deviation in the calibration 
reading correlates with the same percentage 
deviation in the sample when the deviations 
are instrumental. 

In the Kadioisotope Service Clinic of the 
Houston Veterans Administration Hos- 
pital, we have worked out a procedure for 
calibration which satisfies this requirement. 
The procedure involves simple switching 
between a specially prepared long-lived 
Cs"7 standard and the 1! sample. The 





simplicity of switching is a major feature of 


the method, since there must be no possi- 
bility of interjecting uncorrelated devia- 
tions in sample and standard by introduc- 
ing the judgment of the operator in setting 
pulsc-height-analvzer biases, amplifier gain, 
etc., between readings. The second major 
feature of the method is the introduction of 
scatter broadening into the Cs? gamma 
rav spectrum by embedding the source in 
an aluminum scattering cylinder. It is this 
feature that allows quantitative compari- 
son between deviations of sample and 
standard. The thirty year Cs? with a single 
gamma ray has proved a more effective 
standard than "mock iodine”? using Ba‘, 
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HOUSTON, 
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The calibration procedure has been in use 
tor over two years. Consistency of measure- 
ment within two per cent has been achieved 
on I?! samples in which activities have been 
accurately determined by established assay 
procedures. 

METHOD 

Amplifier Pulse-Voltage Divider. Since 
Cs"? and I! emit respectively 660 kev. and 
360 kev. gamma rays, a two position volt- 
age divider is used at the output of the 
linear amplifier. In one positior the total 
pulse voltage output of the amplifier is 
delivered to the pulse height analyzer. In 
the other a factor 360/660 is introduced so 
that the 660 kev. gamma rav can be ana- 
lyzed in the same channel as the 360 kev. 
gamma ray. This is done with a single 
switch on the operator’s panel, one position 
being used for I"! measurements and the 
other for Cs'*, Unquestionably, there are 
many ways to make a pulse voltage divider. 
We have used a tap on the cathode resistor 
of the cathode follower at the amplifier out- 
put. This method proved simple and effec- 
tive. 

The circuit is shown in Figure 1. On 
position 1 of the switch, the analyzer re- 
ceives the pulse voltage developed by the 
cathode follower; on position 2 it receives a 
fraction approximately equal to r/(r. +7) 
of the pulse voltage. Due to stray capaci- 
tance and the finite input impedance of the 
analyzer, the ratio r»/(rsd-ri) cannot be 
made exactly equal to the ratic 360/660. 
Final resistor values must be found by trial 
and error after observing the pulse spectra 
of Cs" and I?' at the two switch positions. 

In equipment where the amplifier out- 
put cathode follower was part of an in- 


* From the E adioisotope Service, Veterans Administration Hospital, and the Department of Physics, The Rice Inst:tute, Houston, 
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Fic. 1, Diagram of voltage divider system. 


verse feedback loop, it was necessary to 
insert an additional cathode follower as a 
voltage divider in order not to disturb the 
feedback. Since this tube drew only a few 
milliamperes, the addition was not dele- 
terious. 

A minor unsolved problem in our equip- 
ment lies in the need to modify the ratio 
raf (ritr) slightly when photomultiplier 
tubes are replaced. Since replacements have 
been necessary only after one or two years 
of use, the recalculations and recalibrations 
have not proved a major inconvenience. 

Pulse Height Analyzer Bias Calibration. A 
small but important part of the calibration 
procedure is the monitoring and adjusting 
of the pulse height analyzer biases. Gain 
and bias are independent system parame- 
ters. In evaluation of system performance, 
it is necessary to know that the biases are 
correct before the Cs? standard and over- 
all reading can be taken as a measure of 
gain stability. A simple and inexpensive 
pulse generator is used to check the pulse 
height analyzer bias settings whenever 
there is doubt about system performance or 
at intervals dictated by experience. Satis- 
factory generators are available commer- 
cially or can be constructed from circuits 
described in the literature. In equipment 
where the pulse amplifier and pulse height 
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analvzer were incorporated in a single 
electronic unit, it was found useful to incor- 
porate a simple pulse generator in that unit. 

The Cs? Standard Source. It is not suff- 
cient to bring the 660 kev. gamma rav of 
the Cs"? standard into the pulse height 
analvzer channel at the settings used to 
measure [?'. It is also necessary that fluc- 
tuations in amplifier gain and channel 
biases produce the same fractional change 
in count rate for the Cs!" standard as for 
the D? sample. Details of the pulse spectra 
of the two radioisotopes must be examined 
to see if this is possible. Figure 2 shows a 
comparison of tvpical pulse spectra ob- 
tained from a Cs? point source and an I?! 
sample in the usual form of a 3o ml. water 
solution. The resolution for the Cs"? 
gamma ray was 9.1 per cent; 7.e., the full 
width of the peak at half height was 9.1 per 
cent of the position of the maximum meas- 
ured along the pulse height axis. The data 
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Fic. 2. Pulse spectra of Cs? point source and P” 
standard source in 30 ml. water. 
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were taken with half volt channels and a 
gain sueh that the peak was at 60 volts, so 
that the widths of the analyzer channels did 
not affect the resolution. Abscissas were 
then reduced to bring the peaks to 22.5 
volts, the value used in actual uptake 
measurement. The peak of Cs"? is of course 
narrower because of photomultiplier statis- 
tics 


'The ordinates of the spectral curves of 


Figure 2 are proportional to counts per 
second per volt pulse height interval. 
Therefore, the area under a curve between 
any two points on the pulse height axis is a 
measure of the contribution to the counting 
rate from that interval in the spectrum. 
The curves are normalized to have the same 
area between 19.0 volts and 26.0 volts pulse 
height, because in our I?! measurements we 
include *he spectrum between 19.0 and 26.0 
volts by using a 7 volt channel with the 
lower bias at 19 volts. The ordinate at 19 
volts is approximatelv equal to gain or loss 
of counts by a 1 volt downward or upward 
shift in the lower bias. It is easily seen that 
the 1 volt shift has a larger effect percent- 
agewise on the P® reading. By actual 
measurements, the change is 7 per cent for 
[' as compared to 3 per cent for the Cs! 
point source. A change in gain which shifts 
the peaks in the channel likewise has a cor- 
respondingly larger effect on the [?' read- 
ing. 

Figure 3 shows a comparison between the 
Same [5 be CUR. and a Cs"? pulse spec- 
trum obtained when the Cs'* source is 
embedded in a 1 inch diameter aluminum 
rod with 35 inches of aluminum between 
source and detector. Again the areas under 
the curves between 19 and 26 volts are the 
same. The change in the cesium spectrum 
from Figure 2 to Figure 3 in the 19 volt 
region shows the etfect of Compton scatter- 
ing by the aluminum. The cesium spectrum 
in Figure 3 approximates the I! spectrum 
at 19 velts fairly well. 
Figure 3 is that of a standard source ac- 
tuzlly adopted. If the baseline of a 7 volt 
channel is actuallv varied for both po and 

this Cs'-in-A] source with all other set- 
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Fic. 3. Pulse spectra of Cs? point scurce in alumi- 
num scatterer and the I standard source. 


tings as in actual uptake measurements 
(1.e., both peaks at 22.5 volts on the appro- 
priate selector switch positions, etc.) the 
counting rates obtained as a function of 
baseline in the neighborhood of the tg volt 
operating point are shown in Figure 44. 
Figure 44 shows the results of gain varia- 
tion with baseline remaining constant. A 
satisfactory parallelism betweer. the curves 
is seen to exist, so that the Cs'®in-Al 
source of Figure 3 constitutes a satisfactory 
standard. 

Figure sa shows the physical arrange- 
ment of the Cs'-in-A] source in use with 
our detector; Figure ¢4 is the diagram of the 
cesium standard and detector. The stand- 
ard is shown in relation to the scintillation 
crystal, lead shield and locating device of an 
1?! uptake instrument, as it is used in the 
standardization of that instrument. 

The problem of tailoring the Cs spec- 
trum to the I? spectrum can only be 
attacked after a choice of operating condi- 
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Fie. 4 Relative variations in counting rate. (4) 
Small gain variations with constant normal base- 
line. (6) Small baseline variations with constant 
normal gain. Standard geometry and 7.0 volt 
channel width in both cases. 


tions is made. The fact that we have chosen 
the aluminum dimensions to give best cor- 
respondence between the spectra at 19.0 
volts was governed by the choice of the 
19-26 volt interval in the I?! spectrum with 
the peak at 22.5 volts. The choice has some 
arbitrariness. Considerations of counting 
rates in relation to I!!! dosage, stability of 
counting rates in the face of small gain and 
bias variations, and in fact the achievable 
shaping of the Cs!*" pulse spectrum were all 
factors in the choice. Some attention will be 
paid in later sections to this point. 


DESIGN OF THE Cs? STANDARD 


While many scattering geometries are 
possible, consideration was limited to cylin- 
drical masses of aluminum with the Cs! 
source embedded on the cylinder axis. Only 
cylindrical geometries were considered be- 
cause success with more complicated shapes 
appeared to depend too critically on the 
judgment of the operator in positioning the 
source under the detector. After prelimi- 
nary success with several cylinders was 
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achieved, considerable effort was devoted 
to understanding the relation between the 
form of the spectrum and the mass and 
dimensions of scattering material. Calcula- 
tion appeared more promising than meas- 
urement where the pulse distribution was 
observed with 1o per cent energy resolu- 
tion at 660 kev. due to photomultiplier 
statistical broadening. Numerical calcula- 
tions were made for a number of cylinder 
sizes. The calculations were checked in the 
case of several large cylinders where the 
scatter broadening was measurable with 
the available resolution. A few of the results 
are given below to show what may be ac- 
complished. 

To estimate the scatter spectrum, single 
scattering events of the type shown in 
Figure 6 were considered in the calcula- 
tions. The source is located at 4 on the 
cylinder axis 44’. To reach the detector 
after being once scattered through angle 6, a 
photon was assumed to leave the source at 
angle @ and to be scattered into approxi- 
mate parallelism with the cylinder axis. The 
scattered spectrum reaching the detector 
could be calculated on this approximation 
in terms of the electron density in the alu- 
minum, the solid angle subtended by the 
detector, and the differential cross section 
for Compton scattering per unit solid angle 
through an angle 6. The differential cross 
section for Compton scattering and the 
relation between 0 and E, where Æ is the 
energy of the scattered photon, can be* 
found in standard texts on nuclear physics.* 
Scattered photons reaching the detector 
with energy in a small interval centered at 
E were assumed to yield a Gaussian pulse 
height distribution with 9.1 per cent full 
width at half maximum centered at the 
pulse height equivalent of E. 

The radiation emerging from the end of 
the cylinder consists of a mixture of scat- 
tered and unscattered radiation. The pulse 
spectrum in the detector will depend on the 
ratio of scattered to unscattered radiation. 
The effect of the unscattered radiation in 


* For example: Seorg, E. Experimental Nuclear Physics. Part 
IH. Volume I. John Wiley & Sons, Inc., New York, 1953, p. 319. 
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Fia. s. ia) The physical arrangement of Cs!**-in-Al source in relation to our detector. (^) Diagram of a. 


the derector can be represented bv the 

e dashed curve a, shown in Figures 7, 8, 9 and 
10. Curve a is a pulse spectrum from a Cs! 
point source taken with 9.1 per cent resolu- 
tion (rario of full width at half height to the 
abscissa at the maximum of the peak). 
Curve # is normalized so that the area 
under it above 42.5 volts represents 100 
pulses. 

The calculated effect of the scattered 
radiatien in the detector is shown for a 
range of scattering masses by the dashed 
curves # to A, inclusive, of Figures 7, 8, 9 and 
15. These curves show the expected number 
of pulses per volt pulse height interval due 
to scattered radiation per 100 total-energy 
pulses cue to unscattered radiation. By the 


expression “total-energy pulse" is meant a 
pulse in the detector resulting from conver- 
sion of the total photon energy into light 
and therefore contributing to the peak of 
curve a. To obtain the predicted total pulse 
spectrum, the ordinates of any one of the 
curves 2, c, d, ete., add directly to the corre- 
sponding ordinates of curve a. 

The curves 2, c, d, and e of Figure 7 dis- 
play the calculated trend in the scatter 
spectrum as the cylinder length is varied 
keeping R constant at 1.25 inches. The 
values of L are respectively 1.5, 3.0, 6.0, 
and 10 inches. The curves g, f, d, and A of 
Figure 8 display the trend as radius and 
length are varied together, the ratio R/L 
being kept constant at 0.21. The values of 





= 
Fic. 6. Diagram of aluminum scattering cylinder 
with Cs? point source at 4, showing typical path 


by which a photon could reach the detector after 
being Compton scattered through an angle 6. 


L are respectively 2.4, 3.5, 6.0, and 9.6 
inches—the curve d being one of the family 
of curves in Figure 7. Figures 9 and ro 
are comparisons between calculation and 
experiment. Figure g is a plot for the 
cylinder where R=1.25 inches and L=6 
inches. The solid curve represents the cal- 
culated total pulse spectrum. It is the sum 
of a and d, which are repeated from previ- 
ous figures. The circles are experimental 
points taken with a multichannel analyzer 
with approximately half volt channels. For 
comparison are shown (black crosses) the 
experimental points obtained from an I? 
sample taken under the same conditions. 
The I! sample was in the usual clinical 
form of a 30 ml. water solution of I" salt, 
since this was the form the Cs!’ sample was 
intended to simulate. Figure 10 is similar to 
Figure 9 except for dimensions of the scat- 
terer. For Figure 10, L=3.5 inches and R 
—0.75 inches. The experimental points of 
Figures 9 and 10 were taken with 9.1 per 
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cent resolution for the Cs®7 point source. 
The statistical uncertainties in the experi- 
mental points vary from about 6 per cent 
for the lowest point to less that 3 per cent 
for the highest. 

The calculations evidently furnish a 
fairly reliable estimate of the amount of 
scattering to be expected. As indicated by 
the data of Figures 9 and ro, the calcula- 
tions underestimate the scattering, as 
might be expected from neglecting the 
possibility of more than one large angle 
scattering per photon. It is clearly not pos- 
sible with a cylinder of homogeneous scat- 
tering material to achieve a concentration 
of scattered radiation in a small energy 
interval. This conclusion is especially im- 
portant with respect to energy intervals 
close to 660 kev. It is therefore not possible 
to broaden the total energy peak in an 
arbitrary manner. 

From Figures 7 and 8, it is clear that the 
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Fie. 7. Calculated spectra of scattered radiation 
from aluminum cylinders with 1.25 in. R and vary- 
ing lengths: 4, 2=1.5 in; c, L=3.0 in.; d, L=6.0 
in.; e, L=10 in. The normalized Cs”? point source 
curve a shows the effect of unscattered radiation 
reaching the detector. The scattered radiation is 
calculated in all cases for the amount of un- 
scattered radiation given by curve a. 
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intensity of the scattered spectrum in- 
creases with increasing mass of scatterer 
for proportions in which the length is sev- 
eral times the diameter. For a given diame- 
ter, the center of gravity of the scattered 
spectrum tends to higher energy (smaller 
scattering angle 0) as the length increases, 
up to a few diameters. However, as illus- 
tratec by a comparison of curves d and e in 
Figure 7, material far from the source in a 
very long scatterer contributes relatively 
little so the spectrum. 

It is possible to approximate the P% 
spectrum fairly well on the low energy side 
of the peak. This is quite satisfactory for 
our application, in which the lower and up- 
per biases of the pulse height analyzer are 
well away from the peak base. The scatterer 
of Figure ro somewhat overcompensates 
since the area under a curve through the 
I?! pemts would be somewhat greater than 
the area under one through the Cs!?-plus- 

catterer points above a suitable lower bias 
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Fac. 8. Same as Figure 7 except that R and L are 
varied in constant proportion: g, R=o.so in. and 
14 ins f, R=o.75 in. and L=3.5 ins d, 

5 in. and L=bo in; A, R=2.0 in. and 
L=g.5 in. Normalization is to the amount of un- 
scattered radiation reaching the detector shown 
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Fic. 9. Comparison of calculated and measured total 
spectra from a Cs!? source in a 1.25 in. RX6 in. 
L aluminum scatterer. The calculated solid curve 
is the sum of a and d. A measured spectrum from 
I5! in 30 ml. water is shown for comparison. 


position such as 42.5 volts. The standard we 
use provides somewhat less than optimum 
scattering. Final choice of dimensions must 
depend on data like those of Figure 4, which 
show relative changes in counting rates of 
Ih! and the Cs'?-in-A] for small gain and 
bias variations under otherwise standard 
operating conditions. 

'The fact that choice of operating condi- 
tions establishes the requirements placed on 
design of the source has been mentioned. 
The problem of tailoring the Cs spectrum 
to the I?! spectrum for clinical standardiza- 
tion can only be attacked after a choice of 
clinical operating conditions is made. The 
fact that we have chosen the aluminum 
dimensions to give a best correspondence 
between the spectra at 19 volts was gov- 
erned by our previously made choice of the 
19-26 volt interval in the I?! spectrum with 
the peak at 22.5 volts. This choice has some 
arbitrariness, but it appears to us to mini- 
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Fic. 10. Same as Figure 9 except that the scattering 
cylinder dimensions are: & —0.75 in. and L=3.5 in. 


mize the effect on the I? reading of gain 
and bias variations. Since the upper chan- 
nel bias rejects relatively few pulses, there 
is no problem from overload of the anticoin- 
cidence circuits, and channel width need 
not be maintained to high accuracy. The 
choice of a lower bias at 19 volts minimizes 
dependence of the counting rate on the 
lower. bias position, as is obvious from 
inspection of Figures 2 and 3, which show 
that the lowest point of the I spectrum 
occurs here. Possible deterioration of photo- 
multiplier resolution with time makes it 
desirable to set the lower bias somewhat 
away from the peak. The peak broadening 
would thus be felt earlier at 19.5 than at 
19.0 volts. The possibility of matching the 
I! pulse spectrum in this region by intro- 
ducing scattered radiation in the Cs!" 
standard spectrum strengthens the argu- 
ment for the choice. It is probably needless 
to remark that inclusion of the total peak is 
desirable in order to obtain the best count- 
ing rates for the lowest dosages without 
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sacrificing the advantages of pulse height 
analysis. 


RESULTS 


Over a period of two years, consistency of 
measurements within 2 per cent has been 
obtained on readings of the standard and on 
readings of I?! samples where activities 
have been accurately determined by estab- 
lished assay procedures. A single Cs*8’-in-Al 
standard has been used throughout this 
period, obviating the expenditure of time in 
preparing short-lived standards and creat- 
ing confidence in the long term stability of 
the measuring procedures. Photomultiplier 
changes were necessary on the average only 
once per instrument during this period. 
When the resistor ratio 7:/(r:-+ri) was 
readjusted to bring the I?! and Cs'7-in-Al 
peaks into coincidence after these replace- 
ments, recalibration with sufficient statisti- 
cal accuracy showed that the counting rate 
from the Cs"-in-Al had remained within 1 
per cent of the value observed prior to 
replacement. Further observations after 
replacement have always confirmed con- 
stancy of this value. Thus the results justify 
the amount of effort expended in the initial 
calibration. Investigation of instrument 
performance when the standard value 
deviates from the accepted value consist- 
ently by 2 per cent has always indicated 
malfunction in the gain and bias circuits 
which was undetected by conventional 
methods. 

A further advantage has been the ability 
to assess changes in millicurie value when 
dealing infrequently with large amounts of 
I'?, When the analyzer amplifier system is 
in good operative condition, amounts of [1% 
varying from 2 microcuries to 7 millicuries 
may be counted using lead absorbers. 
Minor electronic changes which cause a 
shift in millicurie value may occur, but are 
readily detectable by the use of the long- 
lived standard. Thus, shifts in millicurie 
value observed on any particular amount of 
I?! may be traced to either electronic mal- 
function or true error in dose preparation. 

This paper has been written with the 


conviction that simplification of calibra- 
tion, maintenance and measurement tech- 
niques are an important and too often 
neglected aspect of the introduction of new 
equipment and methods into medical clinics 
and laboratories. We believe that some of 
the details of this procedure represent time- 
saving simplifications of current methods. 


SUMMARY 


Simple and accurate methods for cali- 
brating and maintaining the accuracy of 
equipment using pulse height analvsis for 
clinical D? measurements have been worked 
out. Complicated procedures involving 
knowledge of electronics and nuclear phys- 
ics were avoided. 

The most important detail involved the 
use of a long-lived Cs? standard which was 
made to simulate the characteristics of [* 
by: (1) installation of a resistor set and 
switca in the linear amplifier such that 
superimposition of the cesium and iodine 
curve occurs; and (2) modification of the 
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Cs"? pulse spectrum by Lmited use of 
Compton scattering in an aluminum shield. 

Over a period greater than two vears, 
consistency of measurements within 2 per 
cent has been obtained. 


Mary C. Morgan, M.D. 

2002 Holcombe Boulevard 
Veterans Administration Hospital 
Houston 31, Texas 
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THE SYNDROME OF EXOPHTHALMOS, HYPER- 
TROPHIC OSTEOARTHROPATHY, AND 
PRETIBIAL MYXEDEMA 


By MATTHEW W. ELSON, M.D.* 


COLUMBUS, OHIO 


HIS is a report of an adult Negro 

female who developed hypertrophic 
osteoarthropathy and pretibial myxedema 
following IT! induced remission of an 
exophthalmic goiter. 


REPORT OF A CASE 

The patient, a fifty-three year old Negro 
female, had noted the onset of easy fatigability, 
heat intolerance, and persistent night sweats 
about three years prior to her present admission 
to the hospital. She had also noted some weight 
loss at that time in spite of an increase in appe- 
tite. The thyroid was enlarged, smooth, and 
firm. There was bilateral exophthalmos. The 
palms of her hands were moist and there was a 
definite tremor. The blood cholesterol was 175 
mg. per cent (normal 140-240 mg. per cent), 
protein bound iodine was 10.5 ug. per cent (nor- 
mal 4-8 ug. per cent), and radioactive iodine 
uptake was 67 per cent (normal 17-37 per cent). 

She was given 7 mc I?! and, over the next 
year, gained approximately 23 pounds and felt 
less nervous. The blood cholesterol rose to 282 
mg. per cent and the protein bound iodine fell to 
1.7 wg. per cent. The radioactive iodine uptake 
was recorded as 4 per cent. The clinical impres- 
sion was hypothyroidism and she was placed on 
1.5 gr. of thyroid extract per day. In spite of the 
thyroid therapy her hypothyroid state persisted 





Fic. 1. Photograph showing the degree of exoph- 
thalmos present after thyroid therapy over a 
period of approximately two years. 





Fro. 2. Photograph showing swollen 
hands and fingers. 





Fic. 5. Photograph showing thickened and wrinkled 
skin, particularly about the anterior aspect of the 
ankles. 
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Vic. 4. (and B) Roentgenograms of the hands showing diffuse, symmetric, periosteal new bone formation 
about the shafts of the proximal phalanges and both first metacarpals, Compare Z with ligure 5. 


over the next two years with the gradual devel- 
*opment of progressive swelling of her hands, 
legs, and ankles. 

With zhis history, the patient was admitted 
to the hospital waere a skin biopsy from her left 
ankle was interpreted as showing changes com- 
patible with myxedema. The basal metabolic 
rate was minus 12 per cent and the radioactive 
iodine uptake was 6 per cent. Exophthalmomet- 
ric records had shown progressive increase in 
the degree of her exophthalmos. Figure 1 is a 
phetograph taken on this admission. Other 
pertinent physical findings were swollen but 
nontender hands and fingers (Fig. 2). The skin 
of the legs, particularly about the anterior 
aspect ef the ankles, was thickened and 

wrinkled (Fig. 3). 


Roentgenograms of the hands (Fig. 4, 7 and 





B) showed diffuse, symmetric, periosteal new 
bone formation about the shafts of the proximal 
phalanges and both first metacarpals. We were 
fortunate in having an earlier roentgenogram of 
the patient’s left hand (Fig. 5) which showed 
normal osseous structures four vears earlier. In 
the feet (Fig. 6) the same, very syrametric, peri- 
osteal new bone development was seen in the 
first metatarsals bilaterally and, to a lesser 
extent, in the other metatarsals. The phalanges 
showed only minimal involvement. A chest 
roentgenogram showed no mediastinal or pul- 
monary pathology except for chronic fibrocal- 
cific disease in the left upper lobe. 


DISCUSSION 
Hypertrophic osteoarthropathy was first 
described as an ossifving periostitis by 
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Fia. g. Roentgenogram of the left hand, made four 
years before Figure 4-7, showing normal osseous 
structures, 


Bamberger in 1889. This condition is usu- 
ally characterized by clubbing of the 
fingers and toes, an unusual nonpitting 
edema of the distal portions of the ex- 
tremities, and subperiosteal proliferation 
of bone. Hitherto this condition has been 
described as being secondary to suppura- 
tive intrathoracic lesions, mediastinal new 
growths, tumors of the lung, abscess of the 
liver, pyelonephritis, cirrhosis of the liver 
with jaundice, certain obstructive lesions 
of the gastrointestinal tract, possibly syphi- 
lis, and perhaps congenital heart disease. 
In some cases the condition has been de- 
scribed as characterized by the absence of a 
discoverable primary disease and by the 
tendency for this syndrome to have a 
familial occurrence. Thus, hypertrophic 
osteoarthropathy is seen in association 
with a wide variety of primary diseases but 
it has only rarely been observed with dis- 
eases of the thyroid. There is no single 
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hypothesis that adequately explains the 
syndrome. 

The new bone is confined to portions of 
the skeleton which are covered by peri- 
osteum and is not seen in the joints, al- 
though involvement of the end of the bone 
may lead to disability in the joint itself. 
The change in the bone consists of a dep- 
osition of new bone between the cortex 
and the periosteum, particularly in the 
lower ends of the bones of the forearm and 
the lower leg and in the metacarpal and 
metatarsal bones. In extreme cases, similar 
changes have been described in the clavicles, 
ribs, pelvic bones, scapulae, malar bones, 
and even in the transverse processes of the 
vertebrae. Histologically, the cortical part 
of the bone shows little if anv change. One 
extraordinary feature of the syndrome is 
the symmetry of the process, with the 
same portions of the same bones of the two 
hands involved to approximately the same 
degree. 

Danforth and Humphrey? recently re- 
ported a case of a forty-six vear old Negro 
male treated for hyperthyroidism with 12 
mc of I?!, One year later he noted swelling 
of his legs with thickening and hardening 
of the skin in the pretibial region. A biopsy 
of this area of the skin was typical of pre- 
tibial myxedema. Roentgenograms showec 
minimal periosteal new bone formation in- 
volving several metacarpals and proximal 
phalanges bilaterally. Greene? described : 
seventv-four vear old male who was treated" 
eighteen vears previouslv with potassium 
iodide for exophthalmic goiter. The goiter 
disappeared with the iodide therapy but 
about fifteen vears later his eves became 
prominent and he developed a remarkable 
degree of clubbing of the fingers. There was 
also some pretibial thickening of the skin 
regarded as possible pretibial myxedema. 
Roentgenograms of the hands revealed 
subperiosteal new bone formation along 
the shafts of the phalanges and meta- 
carpals. Additional similar cases following 
subtotal thyroidectomy have been de- 
scribed by Thomas,’ Diamond? and Ry- 
nearson and Sacasa.® 
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Iro. 6, Eoentgenograms of the feet demonstrating symmetric, periosteal new bone development in the 
metatarsals, especially obvious in the first metatarsals, 


Camp and Scanlan! presented § cases of 
hypertrophic osteoarthropathy without ap- 
parently known cause. One of these cases is 
similar to that presented in this article in 
that the patient developed myxedema and 
exophthalmos with massive enlargement 
of all sae bones of the extremities due 
to subperiosteal proliferation in the dia- 
physeal portions. 

Findlay and Oosthuizen! described a 
condition known as the syndrome of 
pachydermoperiostosis, in which thick fur- 
rowed skin is found particularly on the 








forehead, upper eyelids, and palms and is 
associated with hyperostosis. These au- 
thors describe this condition as a specific 
entity and attempt to ditferenziate it from 
thyroid osteoarthropathsy. 
SUMMARY 
The occurrence of hypertrophic osteo- 
arthropathy in association with exoph- 
thalmos and pretibial myxedema forms a 
rare svndrome of treated hyperthyroidism. 
These findings apparently have no rational 
explanation as regards thvro:d function, 
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CE the introduction of iodipamide 
holografin) as an intravenous cholan- 
giographic agent,’ it has been observed that 
in the presence of chronic hepatic disease 
the contrast medium is excreted through 
the kidrevs rather than through the liver 
and biliirv passages.^?5 The introduction 
of cholografin labelled with I?! has made 
available an easily detectable form of the 
medium. Using this preparation, attempts 
have been made to measure quantitatively 
the excretion of radioactive cholografin in 
humans and animals with normal and ab- 
normal liver function.?^?:7 This study com- 
pares the excretion of radioactive cholo- 
grafin by cirrhotics and patients with ap- 
parently normal hepatic function. 


MATERIAL AND METHODS 


Thirty-seven male patients at the Phila- 
delphia Veterans Administration Hospital 
were studied. Twenty-two of these had 
normal hepatic function as measured by the 
usual screening tests. The remaining 15 
were diagnosed as having cirrhosis of the 
liver bv the appropriate clinical and labora- 
fory criteria and/or by liver biopsy (Table 
11). 

Chologratin labelled with I?! of very high 
specific activity (average about 1 mc ml.) 
was obtained from a commercial supplierf 
and was used throughout the study. From 
each new purchase an assay for specific 
activity was done. Exactly ro uc of the 
solution was diluted with sterile physiologic 
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saline solution to a volume of 12 ml. Ten 
milliliters of this solution (containing about 
8 uc of radiocholografin) were injected in- 
travenously into patients who had been 
previously fasted for about eight hours. 

The patients were studied by several 
means, including serial serum radioactivity 
determinations, 2 hour fractional and 24 
hour fractional and 24 hour urinary radio- 
activity determinations, and by external 
counting over the liver and thyroid in some 
patients. The urine of several patients was 
also studied at 48 and 72 hours. 

As a standard, 1 ml. of the original solu- 
tion as diluted and prepared for injection 
was further diluted to 100 ml. in water, and 
a 2 ml. aliquot of this dilute solution, was 
assayed for radioactivity by being placed in 
a crystal well counter and assayed for a 
sufficient length of time to give a +3 per 
cent standard counting Variation error ús to 
to minutes), using a single channel gamma- 
ray scintillation spectrometer. The urine 
samples were assayed by similar v counting 
a 2 ml. sample of the urine specimen, and 
the percentage excretion was obtained bv 
use of the following formula: 
cpm (2 ml. urine) X vol. of urine 


Ce excretion = 


cpm (2 ml. of standard) X ro 
Serum radioactivity was obtained by assav- 
ing 2 ml. of serum in a similer manner. 
External counting over the liver and thy- 
roid was done by the usual techriques used 
for the latter and, in the case of the liver, by 
centering the tube over a point halfway 
between the midclavicular and anterior 
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COMPARISON OF URINARY EXCRETION OF RADIOAC- 
TIVE CHOLOGRAFIN IN NORMAL INDI- 
VIDUALS AND CIRRHOTICS 











24 Hour Urinary Excretion of Radio- 
active Cholografin (per cent of total) 














<12% 12-14% >14% 
Cirrhotics| 3 (20%) 2 (13%) 10 (67%) 
Normals | 16(72%) | 3(14%) 3 (14%) 








axillary lines, 5 cm. below the top of the 
liver as determined by percussion. 


RESULTS 


We were unable to demonstrate any sig- 
nificant difference between the normal 
subjects and the cirrhotics in the level of 
serum radioactivity, the rate of change of 
this level, or in the external counts over the 
liver, and these methods were therefore 
abandoned after the first few subjects were 
so studied. There was, however, a difference 
between the groups both in the rate of 
urinary excretion and the total 24 hour 
urinary excretion. These results are sum- 
marized in Tables 1, 11 and m1 and in Figure 
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1. Three of the cirrhotics, or 20 per cent, 
had 24 hour excretions of radioactive cholo- 
grafin of less than 12 per cent, while 16 of 
the normals, or 72 per cent, fell below this 
level. Two, or 13 per cent, of the cirrhotics 
and 3, or 14 per cent, of the normals fell into 
a I2 to 14 per cent range. Finally, 10, or 67 
per cent, of the cirrhotics and 3, or 14 per 
cent, of the normals were above 14 per cent. 
The highest value in a normal] patient was 
18.9 per cent, while values for cirrhotics 
ranged up to 45 per cent in this study. 
There was detectable activity over the 
thyroid in all patients studied for such 
activity. 


DISCUSSION 


The accurate measurement of 2 hour 
fractional urine samples required the inser- 
tion of an indwelling bladder catheter with 
the attendant discomfort to the subject, 
danger of infection and added burden to the 
nursing personnel. We, therefore, felt that a 
single 24 hour collection would be prefer- 
able if the results corresponded. This 
proved to be the case (Fig. 1). 

The presence of countable radiation over 
the thyroid gland indicates that in the 
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LABORATORY DATA AND CHOLOGRAFIN EXCRETION IN I§ PATIENTS WITH CIRRHOSIS OF THE LIVER 


























Alkaline S AS 24 Hour Urinary 
ane BSP sd Phosphatase] Bilirubin | Tise | Radioactive 
atient Age Retention Shi (mg./100 Di : Cholograf 

(per cent) ( inawara ml.) jagnosis olografin 
units) (per cent of totalf 
S.R. 46 63 12.0 38.6 No 17.2 
V.I. 43 26.5 14.8 4.7 Yes 19.5 
E.R. 37 43 II.I 4-3 Yes 24.0 
C.D. 36 37-5 11.7 30.6 No 15.3 
J.M. 61 37-5 9.2 Yes 9.0 
J.L. 45 23 2.9 No 14.4 
P.L. 5I 37-5 4-9 0.9 No 8.0 
B.P. 39 30 19.9 2.2 No 15.9 
C.T. 44 22 12 1.4 No 5.0 
J.B. 56 26.5 7.1 No 45.0 
J.S. 36 38.5 5.9 4.4 No 14.7 
S.B. 44 31 16.5 I.0 Yes 19.3 
S.R. 53 42 10.2 5.3 Yes 34-7 
MK. 62 33 7-7 2.7 No 13.0 
B.H. 33 25.5 7.9 1.4 Yes 12.3 
ee 











* Using 5 mg. per kg. of body weight and checking retention after 45 minutes. 
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LABORATORY AND CLINICAL DATA ON 6 OUT OF 22 PATIENTS WITH APPARENTLY NORMAL 
HEPATIC FUNCTION WHO HAD ELEVATED 24 HOUR RADIOACTIVE CHOLOGRAFIN EXCRETION 


24 Hour 
Urinary | 
AES Radioactive 





Patient; Ag | Cholografin 

| (per cent of 

total) 

CL. f 46 18.7 BSP, alkaline 
ET. i 59 | 13 
TAK. | 38 14 
E.A. 46 14.1 
R.S. 44 18 
WH. 1 


material as prepared there is a definite 
amount of free F”! available to the gland. 
No quantitative estimates of this were 
made. 

Due to the high specific activity of the 
compoumd used, the dose of cholografin 
employed was tess than that used for skin 
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Laboratory and Clinical Data 


phosphatase normal; convalescent myocardial infarction 
BSP normal; rheumatic heart disease, congestive failure 
BSP, alkaline phosphatase, bilirubin normal; acute pancreatitis, alcoholism 
Alkaline phosphatase normal; coronary insufficiency 
BSP, alkaline phosphatase normal; erythema multiforme; steroid therapy 
| Alkaline phosphatase normal; atopic dermatitis; steroid therapy 


testing for sensitivity prior to gallbladder 
roentgenography. One would, therefore, 
not expect to see sensitivity reactions in the 
use of this amount of contrast material. 
The results obtained confirm the fact 
that, in the presence of hepatic disease, 
radioactive cholografin is excreted through 
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Fio. 1. Graph showing excretion of radioactive cholografin in normal and cirrhotic males. 
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the kidneys rather than through the liver 
and biliary passages. 


CONCLUSIONS 


Cholografin labelled with 1% injected 
intravenously into 37 normal and cirrhotic 
subjects gave urinary excretions differing 
significantly between both groups, both in 
total excretion and in rate of excretion. 
With few exceptions cirrhotics excreted a 
larger percentage of the contrast material in 
24 hours and at a more rapid rate than nor- 
mals. The total excretion and rate of excre- 
tion mirrored each other in all cases. Study 
of the urinary excretion of radioactive 
cholografin at the end of 48 and 72 hours 
vielded no information additional to that 
already obtained 

There was detectable radioactivity over 
the thyroid gland in all patients so studied. 
Counting of blood samples and external 
counting over the liver failed to differenti- 
ate between the two groups. 

George T. Wohl, M.D. 
Veterans Administration Hospital 


University and Woodland Avenues 
Philadelphia 4, Pennsylvania 
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L/T ETHODS for delineating renal paren- 

- chymal defects caused by neoplasm 

or eyst using intravenous pyelography or 
angiography reveal secondary distortion in 


m 





either calvceal appearance or vascular dis- 
tribution after the tumor has reached suf- 
ficient size. It would be highly desirable to 
define the presence of a small renal tumor 
before such secondary manifestations ap- 
pear. Because scanning methods using P? 
have proved of great value in the diagnosis 
of nonfunctioning thyroid lesions such as 
adenoma, carcinoma or colloid cyst, an 
effort has been made to applv to renal 
scanniag the same principles used in thv- 
roid scanning. This paper is a report of an 
initial study carried out in dogs wherein the 
goals were: (1) to delineate renal tissue bv 
scanning after administration of I?! labeled 
lodopyracet (diodrast), (2) to determine 
the bodv retention of this radioactive ma- 
terial end to calculate therefrom the radia- 
tion desage to the whole body and blood, 
and (3; to determine if significant changes 
in blood count or body tissues would occur 
followiag the administration of radioactive 
material. 


METHOD AND MATERIAL 


Scanning Method. Sterile diodrast [+ 
having a specific activity of approximately 
1o mg. per 1 me (range 1.5 to 16 mg.) was 
injected rapidiy and undiluted into the 
tubing through which an infusion of ¢ per 
cent dextrose in water was running. A 
tuberculin type syringe was used to meas- 
ure anc administer the material. The infu- 
sion wes maintained at approximately 20 
to 30 drops per minute throughout the 


T Obtained from Abl ott Laboratories, Oak Ridge, Tennessee. 


study to permit rapid repeat intravenous 
injections. 

In two preliminary studies, an injection 
of 1.4 gm. (4 cc. of 35 per cent solution) 
of stable diodrast was given prior to injec- 
tion of diodrast I! to try to retard excre- 
tion of I? labeled dye and thus to main- 
tain longer and better renal I?! concentra- 
tion for scanning. Scans following this 
technique were unsatisfactory because con- 
centration of ['?! sufficient for scanning was 
not attained in the renal area at anv time 
in a two hour period following injection of 
stable diodrast. 

Ten mongrel dogs were given potassium 
iodide in their drinking water 2 days and 1 
dav prior to the study. Anesthesia with 
veterinary nembutal was maintained 
throughout the study period to assure ac- 
curacy and constancy of positioning. Scan- 
ning in the prone position was performed 
with a 1 inch by 1 inch sodium iodide (Th) 
scintillation crystal with collimation as 
described by Allen and Risser’ using a 
motor driven constant speed scanner with 
print-out recording of D? 364 kev. gamma 
ray defined by a research grade pulse height 
analyzer and linear amplifier. 

In early studies the kidney was traversed 
by scans 5 mm. apart, and recording was 
made by a 2 mm. wide printing stylus. In 
later studies a s mm. printing stylus was 
used with the same ¢ mm. scan spacing 
factor. Duration of scan of each kidnev 
varied from 4 to 12 minutes and of the 
complete studv from 10 to 21 minutes, de- 
pending on the speed setting of the motor 
drive. With settings of 0.45 cm./sec. scan 
speed, good definition was obtained in the 
scan. The scan of a single kidney was begun 
within one minute of injection of 100 to 200 


* From rhe Radicisotepe, Radiology and Laboratory Services of the Veterans Administration Hospital, and the Department of 


Physics, The Rice Institute, Houston, Texas, 
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uc diodrast I5, A second injection was 
made at the finish of scan of this kidney 
and immediately prior to the beginning of 
scan of the opposite kidney. Occasionally a 
third injection was required to maintain 
I"! concentration in the renal area. This 
technique was found more satisfactory than 
an earlier procedure of injecting a single 
large dose. In these early scanning trials 
with a single large dose, concentration of 
I?! had decreased to such degree that poor 
definition of renal outline was obtained in 
the areas scanned at 10 to 20 minutes after 
injection. 

It is important, as in scanning other or- 
gans, that careful attention be paid in ad- 
vance to peak location of the 364 kev. I?! 
gamma ray in the pulse height analyzer 
channel, and to speed, spacing and limits of 
area to be covered by the scan. Settings 
must be made in advance of actual per- 
formance of the scan, since the time of 
satisfactory recording is limited by rapid 
excretion! of the DI?! labeled dye. Also, we 
found it useful to give a preliminary 20 to 
25 uc dose for purposes of gross kidney loca- 
tion and of finding spacing and limit set- 
tings on the scanning controls. The total 
dosage, including the preliminary dose for 
completed satisfactory scans, ranged from 
136 to 464 uc. 

Assay Procedures. Eight adult mongrel 
dogs with preparation of potassium iodide 
in drinking water for 2 days prior to test 
and additional subcutaneous injection on 
the day prior to test received 340 to 400 
uc diodrast I"?! intravenously (using a fore- 
leg vein). Radioassay and survey of body 
retention was performed in the following 
manner: 

(1) Five cc. of blood was withdrawn 
from an external jugular vein at 30 min- 
utes, 2 hours, 4 hours, 6 hours, 1 day, 2 
days, 3 days, 5 or 6 days after injection. 
Radioactivity counting was done in a 
calibrated Texas well Geiger-Müller coun- 
ter. Calculation of the radioactivity re- 
maining in the total blood volume (es- 
timated at 65 cc./kg. body weight) was 
made and the per cent of injected dose 
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retained at each time was plotted on linear 
graph paper. l 

(2) Urine and feces were collected and 
assayed by aliquot removal; the total radio- 
activity excreted was calculated as the per 
cent of dose injected. These collections were 
continued for one week after injection. 

In addition, 4 dogs with similar prepara- 
tion received 400 uc diodrast I! sub- 
cutaneously, and similar blood, urine and 
fecal studies were performed. 

Blood and Tissue Studies. Four animals 
received 400 uc intravenously and serial 
studies of hematocrit, white blood cells and 
platelets were performed? up to 7 to 25 days 
following injection. All animals used for 
scanning studies were sacrificed at from 4 
to 8 weeks following the study and tissues 
were examined grossly. Sections of thyroid, 
heart, lung, liver, spleen, pancreas, kidneys, 
urinary bladder and bone marrow were 
fixed with Io per cent neutral formalin and 
examined microscopically after suitable 
fixation and staining with hematoxylin 
and eosin. 


RESULTS 


Scanning. Figure 1 is a scan of one of the 
animals. For this scan two doses of diodrast 
I9 (without preliminary stable diodrast 
injection) were given rapidly, the size of 
each dose being 105 uc. As soon as the scan 
of the left side was completed or nearing 
completion, the second dose was adminis- 
tered. A gross outline of renal parenchyma* 
can be seen in the completed scan (Fig. 1). 
The time required for dose injection and 
scanning was 17 minutes. Similar results 
were obtained with this multiple dose 
split-scanning technique in 5 additional 
dogs. High vascular radioactivity was also 
seen in these scans, and the lower portion 
of liver and gallbladder was partially out- 
lined when the scan was continued over the 
right upper flank. 

Assay. Table 1 shows the per cent of in- 
jected I retained in the estimated total 
blood volume (based on body weight) in 
the dogs injected intravenously or sub- 
cutaneously with 139 to 400 uc diodrast ` 
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Pic. 1. Scan of renal areas performed as described in 
the text using two intravenous doses of diodrast 
I? of 10$ uc each. Both renal areas as well as liver 
and gallbladder areas are outlined by this tech- 
nique. High background due to vascular content 
of radioactivity is apparent. A scaling factor of 10, 
as indicated, was used in the renal and hepatic 
areas; a factor of 100, as indicated, was used in the 
region of the bladder, where scanning was finally 
terminated. 


I. As anticipated on the basis of previous 
*data,! a rapid decrease in blood radioactiv- 
itv was seen in those injected intraven- 
ously, In animals injected subcutaneously 
the radioactivity at 30 minutes was ap- 
preciable and fell rapidly thereafter, al- 
though minute amounts were still detect- 
able as long as 96 hours after injection. The 
per cent of dose excreted in urine and feces 
in these animals in the week following in- 
jection ranged from 81 to 103 per cent, the 
major portion being excreted in the first 24 
hours following injection. By linear graph- 
ing (Fig. 2) of the results of blood radioac- 
tivitv assay, and measurement of the area 
under the curve throughout the first 24 
hours, a calculation of rad dosage was 


made according to the methoc outlined bv 
Quimby.’ In the case of dog No. 9 (which 
retained the greatest amount n the series) 
178 mrad/me was delivered to the whole 
body. Dog No. § retained zhe smallest 
amount throughout the first 24 hours and 
was calculated to have received 25 mrad/ 
me whole body radiation exposure. Bone 
marrow and blood dosage is estimated to 
be two-thirds of the body value.* 

Blood and Tissue Studies. Blood cell 
counts showed no significant change in ani- 
mals studied for 7 to 24 days af-er Injection. 
Microscopic examination of the various 
organs revealed no pathologic «Iterations in 
animals sacrificed up to 40 days. 


DISCUSSION 


On the basis of data from taese studies, 
it appears feasible to attempt renal scan- 
ning in humans. This conclus on is based 
on the following consideration: : 

(1) IF a large enough dose of diodrast 
I?! is administered, renal concentration of 
the I?' labeled dye remains sufficiently 
high for the period required to scan the 
renal area. Repeat doses may be utilized to 
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PER CENT OF INJECTED DOSE RETAINED IN TOTAL BLOOD VOLUME (ESTIMATED) FOLLOWING 
ADMINISTRATION OF DIODRAST [SE INTRAVENOUSLY OR SUBCUTANEOUSLY 
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2 ; 4 5 
LV. LV. LV. LV. LV. 
Time 
after 
Injec- 
tion (hr.} 13g 340 340 340 oo 
i 3.80 3.98 1.70 2.00 
J O.81 1.20 O.50 0.30 1.50 
2 - 0.30 
4 0.42 0.56 0.24 0.24 0.23 
6 = duse js Ol hi 
8 
24 O.1§ 0.30 0.20 0.10 0.10 
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p» Bend Bend Bend Bend 0.03 
Bgnd Bend Bend Bund 
Bend 
intravenous, 
S.C. e subcutaneous. 
Bgnde background. 
maintain this concentration. Difficulties 


due to protein binding (occurring with a 
low stable diodrast content), as described 
by Block e£ a/.,? do not occur with this high 
dosage, since the specific activitv of avail- 
able material is about ro mg./me. Total 
doses of the order of 2 to 2.5 me probably 
will be required for a satisfactory scan in 
humans and, in this amount, the effect of 
protein binding will not be observable. 

(2) When 2 to 2.5 mc I! as diodrast is 
used, safetv with regard to radiation 
damage to whole body and blood (includ- 
ing bone marrow) can be assumed, since 
total body exposure in the first 24 hours of 

78 mrad/me occurred in the dog with the 
maximal retention and usual values were in 
the range of rio mrad/mc. Radiation 
dosage from intravenous pyelography or 
angiography may contribute as much or 
more radiation exposure? in the course of 
screening renal function or diagnosis of 


Dog No. 


6 ed b 9 To HI 12 
Route 
LV. LV. IM. SC SC SC SC 
Dose (uc) 
400 400 400 400 400 400 400 
4.10 4.2 5.50 3-60 1.80 1.10 2.90 
0.99 o. Rg O.88 
0.37 0.38 0.29 0.65 0.36 0.27 0.40 
0.2; 0.20 0.22 0.30 O.44 0.21 O.34 
Q.39. "Q:3T. 0.23. Our 
O.18 0,32 0.19 0.23 pu 0.07 o.18 
O.'3 O.1F7  O.10 0.40 6.26 O.24 0.13 
o.og Bend  o.o8 I: E B 
O.15 0.16  O.O8  O.II 
o.07 Bend Bend  Pgnd 
Bgnd Bend Bend 


Bend Bgnd Bend 


vascular or collecting abnormalities of the 

kidnevs. In the case of intravenous pvelog- 

raphy with four anterior position exposures, 

up to 480 mr is calculated as the midplane 

tissue dose and 160 mr as the mean marrow 

dose. Renal scanning in humans with 2 to 

2.5 me should cause no more than 150° 
mrad exposure to marrow. 

It should be possible, therefore, to scan 
individuals suspected of renal tumors in 
whom changes in intravenous pyelography 
appearances have not vet occurred. Thus, 
diagnostic information may be offered be- 
fore secondary distortion and probable in- 
vasion of the collecting system or major 
vessels have developed. Furthermore, the 
method represents no technical hazard to 
the individual such as those occasionally 
encountered with angiography. No iodide 
sensitivity reactions are anticipated fol 
lowing intravenous injection, since amounts 
of stable diodrast injected are of the order 


— 
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of 20 to 24 ug. in contrast to routine intra- 

venous pvelography using 10 gm. diodrast, 

Ls gm. sodium diatrizoate (hypaque), or 
3 


gm. methylglucamine diatrizoate (reno- 


15 
grafin), all of which have iodine contents 
ranging from $9.9 per cent to 62.5 per cent. 


The preparation of the patient will require, 
however, prior thyroid blocking with Lu- 
gol’s solution or tapazole to prevent the 
thyroid concentration of iodide P?! re- 
leased from the labeled dve. 


CONCLUSIONS 


Scintiscanning of the kidnevs of normal 
dogs was performed bv use of 135 to 465 
uc diodrast I! administered intravenously 
in divided doses during the scanning 
procedure. 

Radioassay procedures based on blood 
retention of radioactivity revealed a total 
bodv radiation exposure during the first 24 
hours of 178 mrad/me in the dog with the 
greatest blood retention. Excretion studies 
revealed nearly complete elimination of the 
administered radioactivity within 3 davs, 
the major portion occurring in the first 24 
hours. 

No adverse effects on peripheral blood 
count or on tissues examined after autopsy 
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could be found in animals given 400 pue 
diodrast 1?' intravenously o7 subcutane- 
ously. 

The method appears to be feasible for 
human application where doses of the order 
of 2 to 2.5 me are anticipated and where 
thyroid blockage of DI?! uprake will be 
necessary, 


Mary €. Morgan, M.D. 

Veterans Administration Hospital 
2002 Ho-combe Boulevard 
Houston 31, Texas 
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STAINING WITH I" LABELED 4-IODOALIZARIN 
3-SULFONIC ACID JN VIVO, A TRACER 
FOR GROWTH AREAS IN BONE* 


By S. SCHORR, M.D.,t I. AVIAD, M.D, M. ANBAR, PH.D., and R. REIN, M.Sc. 


REHOVOTH, ISRAEL 


LIZARIN is a well known! vital 
staining agent for new bone forma- 
tion, especially in mammals. The staining 
of malignant new bone formation #7 vivo in 
humans was described for the first time bv 
Schorr e al? This study gave the stimulus 
for further experimental investigations in 
order to prepare a radioactive 10doalizari- 
nate substance for eventual diagnostic and 
therapeutic effects in malignant bone con- 
ditions. The use of iodine derivatives of 
alizarin was suggested as a contrast 
medium for diagnostic roentgenography 
and as a radioactive tracer and a thera- 
peutic agent. The purpose of this studv is 
to evaluate the application of I! labeled 
alizarin as a tracer and to determine the dis- 
tribution of todoalizarin in various organs 
and tissues. 


METHOD OF STUDY 


I?! Jabeled 4-iodoalizarin 3-sulfonic acid 
has been synthesized according to the 
method developed by Frankel and Moses.” 
A o.os-t.o per cent solution at various 
specific activities (uc per cc.) was injected 
intraperitoneally or intravenously into 
young white rats. (For practical purposes 
no difference was found between intra- 
peritoneal and intravenous routes.) The 
rats were sacrificed at predetermined in- 
tervals and the specific activities in various 
organs were measured. The radioassay was 
performed on fresh tissues counted in a 
well tv pe sodium iodide crystal scintillation 
counter. 

Duplicate samples of the tissues ex- 
amined were weighed and subsequently 


counted at a counting efficiency of 28 per 
cent. The organs which were investigated 
in this study included liver, spleen, thyroid 
and kidnevs as well as samples of blood, 
brain, lungs and muscle. Of the bony tis- 
sues, the following were examined: the 
shafts and ends of femur and tibia, the 
skull, incisors and vertebrae. The deter- 
mination of the specific activitv (in uc per 
gm. of whole tissue) enabled us to follow 
the distribution of iodoalizarin in the 
organism. The results are presented below, 
either as specific activities (uc per gm. tis- 
sue), or as relative activity zo blood (ze, 
the ratio of the specific activitv in the re- 
spective tissue to the specific activitv in the 
blood). 
RESULTS 

The relative distribution of 4-iodoali- 
zarin 3-sulfonic acid (TASA) in various 
tissues is presented in Table 1. The data of 
this table are compiled from distribution 
determinations done on 32 young rats (£0- 
BO gm.). 

From the data given in Table rit may be 
concluded that: (a) there exists a constante 
increase in time of the relative concentra- 
tion of TASA in bone; only after one hun- 
dred hours following injection does the 
specific activity in bone exceed that in 
blood; (b) there 1s a constant increase in 
activitv of the thvroid with time, which in- 
dicates that [ASA is metabolized and delo- 
dinated--and the iodide ions produced are 
trapped by the thyroid gland; and (c) there 
is an Increase in time of the relative activity 
of practically all other tissues; this increase 
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THE RELATIVE DISTRIBUTION OF 4-IODOALIZARIN S-SULFONIC 


TISSUES OF RATST 





Site ee EE Es 
i hr i hr. 2 hr 4 hr. 
Hood 1.00 1.00 1.00 1.00 
0.32 o.4h O.S4 0.93 
teks 9.83 0.94 0.76 
o.89 p.17 ict 0.33 
ost O.S4 0.69 0.64 
kidnes 1.46 0.97 1.03 0.68 
Frain 0.013 o.018 0.022 0.02 
Niuscie O.l4 O.14 o.h O.18 
Lone End O.31 Ol o. 0.34 





PANT du Specific activity in tissue 
* Relative activity = cuo A 
g Specific activity in blood 


incicates some retention of LASA in various 
organs. 

The deiodination of [ASA made neces- 
sary a comparison between the relative ac- 
cumulation in bone and the relative con- 
ceptration of iodide in the same organ. The 
relative accumulation of iodide in bone has 
been determined at the following doses of 
injected iodide: soo ug., 25 ug., and carrier 
free P". The results are presented in Table 
iL 

The relative distribution of LASA in cer- 
tain bones is demonstrated in Table ti. In 
ths table the specific activities are given 
for the growing femur edges. 

From Table i1 it may be seen that the 
accumulation of LASA in growing bone sur- 
passes that in other bone areas. The fact 
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that callus formation accumulates 
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24 hr. 48 hr 
1.00 1.00 
3.65 10.7 
o.82 1.43 
Og 103 
0.48 0.71 
O.78 2.35 
0.045 0.13 
GrH 0.30 
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168 hr. 
1.00 
130.00 
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0.49 
O.50 
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7 times 


more [ASA than the bone shafts in the 
same animal is worth noting. 
The effect of TASA concentration on the 


distribution of LASA in various organs 
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THE RELATIVE DISTRIBUTION OF 4-IODOALIZARIN 


Site : —— 
ihr 4hr 2hr. 
Incisor 0.65 1.0 
Skell 1.25 0.9 
Vertebra Lo 1.6 
Sheft es 0.9 
Boae End rio 1.0 





Cadus Formation 





Time 


after Injection 


4 hr 10 hr. 
Qum OnF 
1.0 o.8 
Ore 0. 
tot o.8 
1.0 1.0 


S-SULFONIC ACID IN BONES OF BATS 





has 





oy 
ay 


i 
i 


bm O Om oO 
jo Ot 


i 
i 
i 
1 
i 
i 
i 
i 


130 


Taste IV 


THE EFFECT OF IASA CONCENTRATION ON ITS 
RELATIVE DISTRIBUTION * 











0.25 mg. 
0.5 mg. 5 mg. 10mg. IASA 
IASA IASA IASA ‚+ 
2.5 mg. 
ASA 
Blood 1.00 I.00 1.00 1.00 
Spleen 0.33 2.75 1.90 1.60 
Liver 0.80 0.45 0.74 0.45 
Muscle 0.14 0.15 0.26 0.15 
Brain 0.032 0.035 0.087 0.020 
BoneEnd = 0.31 0.55 0.53 0.49 








ë d : tissue 
Relative concentration = 


at eight hours after injec- 
tion. blood 


been investigated. Doses of 0.5, 5 and 10 
mg. IASA have been administered and com- 
pared with a dose of 0.25 mg. plus 2.5 mg. 
of iodine free alizarin sulfonic acid (ASA). 
The results of this comparative study are 
given in Table rv. 

From Table 1v it may be concluded that 
the relative concentration of IASA in all 
organs, including bone, rises when we in- 
crease the dose of 0.5 mg. per rat tenfold. 
There is no further increase in the relative 
concentrations in bone when the dose is 
doubled from 5 to 10 mg. We may point 
out that there exists an increase in the rela- 
tive concentration of IASA in bone in the 
presence of alizarin sulfonic acid. The rela- 
tively large accumulation of IASA in the 
spleen at high IASA and ASA doses should 
be noted. 

The rate of excretion of IASA has been 
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followed by calculating the biologic half 
life of the activity in various organs. The 
biologic half life was obtained by plotting 
the specific activity in a particular organ 
on a semilogarithmic plot versus time. The 
slope of the plot equals 0.693. In Table v 
the biologic half life of IASA is compared to 
that obtained for iodine 131 by Perlman. 
et al.§ 

From Table v it is evident that the rate 
of excretion of IASA is determined by more 
than a single factor since the biologic half 
life changes with time. We may note that 
the excretion of IASA from bone is much 
slower than from other organs. This be- 
havior may be compared with that of 
iodine in the thyroid gland. Another 
analogy with iodine metabolism is the fact 
that the rate of excretion increases with the 
dose of IASA, though the effect is not as 
spectacular as in the case of iodine. 


DISCUSSION 


The data demonstrate that 4-iodoalizarin 
3-sulfonic acid, like alizarin sulfonic acid, 
accumulates in bone, especially in areas of 
new bone formation. The relative highest 
accumulation of the dye occurs in bone 
callus (Table 111). Nevertheless the accu- 
mulation of the iodinated dye in bone is not 
markedly higher than the level in blood. It 
should be noted, however, that the data in 
Table 1 are given in units of relative specific 
activity per unit weight. If we calculate the 
relative specific activity per unit volume, 
we would find that bone tissue activity is 
three times greater than is shown by the 
data given in Table 1, due to the higher 


'JAnLE V 


THE BIOLOGIC HALF LIFE OF IASA AND I" IN RATS 














o.5 mg. IASA 5 mg. IASA o.5 mg. I!* Tracer P* 
Up to 48 hr. 48-170 hr. Up to 48 hr. | Up to 48 hr. | Up to48 hr. 48-200 hr. 
Blood 13 32 10 5.2 67 215 
Muscle 14 28 11.5 — — — 
Thyroid — — — 21 60 200 
Bone 16 132 13 — — — 








density of bone. After a relatively long 
period ‘for instance, one hundred and 
seventy hours “or rats) we find a fivefold 
local activity in the growing part of bone as 
compared to blood, and twice as much in 
callus areas. If we compare the behavior of 
the dye with thar of injected iodide (Table 
in) it is found that, whereas the iodide or its 
organic bound forms accumulate in bone to 
some exzent (never above blood level), its 
relative specific activity does not increase 
with time, This means that there is little 
retention of inorganic or protein bound 
iodine ia bone. There exists little effect of 
the iodzie concentration in blood on the 
relative eoncencration of iodide in bone, in 
contrast to other tissues like thyroid where 
one finds limited capacity for iodide." In the 
case of LASA, we do find a positive effect of 
the concentration of the dve in blood on the 
relative activity in bone (Table 1v). When 
tke leve! in bloed is increased there is an in- 
crease in the relative concentration in bone, 
which is contrery to the case of iodide in 
the thyseid gland. 

Probe bly there is a limited rate of clear- 
ance of the dve through the kidney or the 
feces. The excretion through the kidney 
and intestines is hardly dependent on the 
blood concentration of the dye, thus en- 
abling the bore tissue to accumulate a 
higher concentration of the dye in a given 
time, before the level in blood falls below 
that in bone. An interesting tact in this re- 
spect is that clizarin sulfonic acid helps 
iodoalizarin sulfonic acid to accumulate in 
bone, most prebably by slowing down its 
rate of excreticn. The rate of excretion of 
the dye is slower than that of iodide at the 
ne remge of concentration, though it is 
faster than that of iodide at tracer level. 
There is evidence (Table 1) that [ASA 
undergoes metabolization and is detodi- 
nated at a relatively slow rate (approxi- 
mate blogic half life of seventy hours). 
Conseqeentlv, after one hundred and 
seventy hours there is no dve left in the 
organism except that which had accumu- 
lated in bone; ¿ll the remaining activity in 
the bod» at this time is due to iodide and to 





Sa 
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protein bound iodine formed from the 
metabolized dve. 

From the rates of excretion and metabo- 
lization of the dve, it may be calculated 
that, at the time when the specific activity 
in bone rises significantly above the activ- 
ity of the blood, only 1 part ir 3co of the 
injected dye is retained in the organism. 
This is mainly concentrated in the growing 
parts of the bone. Measuring a certain 
growing area of bone, or a malignant bone 
tissue, we may find only a small percentage 
of the amount of the retained dye. The 
amount of dve we may expect under these 
circumstances in a particular volume of 
bone mav be, even under favorable condi- 
tions, below 1 part in 10,000 of the injected 
dose. Considering the application of the 
labeled dve as a tracer for growth areas in 
bone, this would mean a quite impractical 
initial dose of radioactive dye, even if we 
were to block the thyroid glance in order to 
avoid accumulation of iodide by the gland. 
The sime reasoning would apply if 4-10do- 
alizarin were used as a contrast medium in 
roentzenography. In order to accumulate 
onlv so mg. of the dve in a cerzain volume 
it would be necessary for the patient to in- 
gest c. 5 kg. of IASA. 

We may conclude, therefore, that, al- 
though P? alizarin sulfonic acid accumu- 
lates especially in areas of physiologic and 
pathclogic new bone tissue formation, its 
efficiency of concentration, its rate of excre- 
tion, and the fact that it is metabolized 
make its application as a tracer impractical 
for clinical use. It is suggested that other 
chelating agents may have a higher affinity 
for bone, a lower rate of excretion and a 
higher stability, thus enabling them to be 
used as tracers or as contrast media for the 
study of bone. 


SUMMARY 


1. The distribution of 4-iodoalizarin 3- 
sulfonic acid in various organs has been de- 
termined, using I?' labeled dye. The organs 
examined included liver, spleen, thyroid, 
kidneys, blood, brain, lungs and muscle, 
with special reference to bone tissues. 
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2. It has been found that the labeled dye 
accumulates in bone, and especially in 
growing bone formations. The specific 
activity in bone exceeds that in blood only 
after most of the dye has been excreted. A 
comparative examination has been per- 
formed determining the accumulation in 
bone formation of I! injected as an in- 
organic iodide. 

3. It has been found that iodoalizarin 
undergoes metabolization and is deiodi- 
nated. The rate of excretion of iodoalizarin 
has been determined and compared to the 
rate of excretion of iodine injected as an 
inorganic iodide. 

4. Considering the rate of accumulation, 
metabolization and excretion of 4-todo- 
alizarin 3-sulfonic acid, its application as 
a tracer for the study of physiologic or 
pathologic new bone formations was evalu- 
ated. It may be concluded that the applica- 
tion of the labeled dye as a tracer is im- 
practical. 


S. Schorr, M.D. 

Hadassah Municipal Hospital 
X-Ray Department 

Tel Aviv, Israel 
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and to P. Moses, M.Sc., of the Inorganic Chem- 
istry Department of the Hebrew University, 
Jerusalem, who made the synthesis of 4-iodo- 
alizarin possible and who supplied the chemical 
compound for this experimental study. 
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THE EFFECTS OF ROENTGEN IRRADIATION ON 
ADRENAL CORTICAL FUNCTION IN MAN* 


By WARD A. SOANES, M.D.,t ROBERT S 


. COX, Jr, CAPT., MC, US ARMY, and 


JOHN R. MAHER, M.S., CAPT., MSC, US ARMYS 


N 19:4, a preliminary study bv Soanes 

and Dodson® of a group of patients with 
testicular tumors suggested that some 
alteration of adrenal cortical function fol- 
lowed the administration of therapeutic 
doses of roentgen rays to the abdomen. The 
results of these studies, though inconclu- 
sive, raged the interesting question of 
whether transient or permanent adrenal 
cortical alteration occurred following such 
therapy to the region of the adrenal glands. 
Previous workers? have shown that 
with verr large doses of roentgen rays there 
are morphologic changes demonstrable in 
the adrenal cortex. Aside, however, from 
the depletion of the sudanophilic sub- 
stance? the dosage used to produce such 
changes has been far above that used for 
diagnostice or therapeutic purposes in hu- 
mans. Alterations in adrenal function, 
resemblmg adrenal cortical insufficiency, 
have also been reported by a number of 
investigators, P? but case histories of most 
of these patients again raise a question as to 
possible extrinsic complicating factors and 
the effect of the very high doses of radiation 
used. Desjardins, after reviewing the 
experimental aspects of the subject, con- 
Cluded im 1928 taat, in spite of the morpho- 
logie disturbances in the adrenal cortex 
which may be produced by roentgen irradi- 
ation, the health of the animals did not 
appear to be deleteriouslv influenced. He, 
therefore, assumed that the adrenal gland 
was relatively resistant to radiation as com- 
pared with other organs of the body. 
Desjardms and Marquis? showed that 55 
patients with apparently normal adrenal 















glands failed to reveal manifestations of 
adrenal insufficiency following therapeutic 
doses of roentgen radiation. Most of their 
work, however, was directed primarily at 
measuring what 1s now known to be medul- 
lary rather than cortical function, and the 
methods of study of true cortical function 
were very crude. 

Lawrence,? using minimal lethal doses of 
total body roentgen irradiation on dogs, 
showed that there was a significant increase 
in steroid excretion several davs following 
irradiation, and that the values then fell to 
normal or subnormal levels with a gradual 
return to normal. Rosenfeld er 47.?? noted 
a decreased secretion of hydrocortisone, 
cortisone, and other steroids by isolated calf 
adrenals which were perfused with ACTH- 
containing blood and exposed to Co" irradi- 
ation. Patt ef al!’ observed a marked 
increase in adrenal weight and a decrease in 
adrenal cholesterol content following whole 
body roentgen irradiation of rats at levels of 
650 r (LD) and goo r (LDioo)- After a 
whole body dose of 200 r (sublethal), how- 
ever, there was little change. Leblond and 
Segal* have reported that adrenal hyper- 
trophy occurs as a secondary response to 
roentgen irradiation of other portions of the 
body, but several early observers? found 
no such effect after direct irradiation of the 
adrenals. It should be noted that most of 
the early investigations pertained to hu- 
mans and were rather poorly cocumented 
with animal experimentation, vtilizing ex- 
cessivelv large dosages, and generally whole 
body irradiation. The problem encountered 
in the human subject undergoing roentgen 
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therapy is one of large but localized doses of 
radiation, which may or may not directly 
strike the adrenal glands. 

It was, therefore, decided to study the 
adrenal function of a group of patients with 
testicular tumors to whom therapeutic 
doses of roentgen rays were administered 
through abdominal portals which included 
the region of both adrenal glands. This 
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paper presents the findings of this study 
and discusses their significance. 


MATERIAL 


The g patients selected for this study 
ranged in age from twenty to forty-one 
years and all were Caucasian. They are 
listed in Table 1, together with their diag- 
noses and the results of a six to seven year 








Age at 






Taser T 


Pathologic Diagnosis 


No significant pathologic 


Seminoma with vascular in- 
and interstitial cell 


Seminoma with invasion of 
spermatic vein 


Gynecomastia 


Embryonal carcinoma 


Teratoma with embryonal 


No significant pathologic 


Case 4 Surgery 
Surgery Ser) 
1 22 Right orchiectomy Seminoma 
Right inguinal lymph node 
biopsy changes 
2 26 Right orchiectomy 
vasion 
hyperplasia 
a 41 Right orchiectomy Seminoma 
4 39 Left orchiectomy 
Excision of breast tissue, bi- 
lateral 
5 22 Right orchiectomy 
6 20 Right orchiectomy 
carcinoma 
Right retroperitoneal lymph 
node dissection change 
7 40 Right orchiectomy 





9 20 





Right radical retroperitoneal 
lymph node resection 


Left orchiectomy 


dissection 


Left orchiectomy 


Embryonal carcinoma 
Reactive hyperplasia 


Teratoma with embryonal 


21 
carcinoma 
Retroperitoneallymph node Retroperitoneal metastases 


Teratoma with embryonal 
carcinoma and choriocarci- 
noma 


TREATMENT AND FOLLOW-UP OF PATIENTS 





Follow-u p 


Living and well, 75 mo. 


Living and well, 73 mo. 


Living and well, 72 mo. 
Living and well, 68 mo. 


Living and well, 66 mo. 


Histologically benign tera- 


toma, left supraclavicular re- 
gion § mo. later—no othef 
tumors; living and well, 71 
mo, 


Died of pneumonia, no tu- 


mor recurrence in 80 mo. 


Died with generalized metas- 
tases in 7 mo. 


Living and well, 66 mo. 


Von. Ss. No. i 
clinica follow-up. All had testicular tumors 
which were surgically removed. At the time 
of surzery none of the patients showed 
evidence of renal or adrenal metastases, and 
onlv one showed evidence of low retroperi- 
toneal metastases. Two, however, had 
vascular invasion in the spermatic cord. 
The pathologic specimens of these patients 
were examined independentlv by 4 patholo- 
gists and the diagnoses were reviewed and 
cancusred in by the Armed Forces Institute 
of Pathology. 

The purpose of the study was thoroughly 
explained to a] patients and it was felt that 
thev understood the necessity of complete 
cooperation, and all volunteered to partici- 
pate. Insofar as possible, checks were main- 
rained by nursing and medical personnel on 
the collection of the urine specimens. In al- 
most all cases the 24-hour urine volumes 
were reasonable, and 24-hour creatinine 
excretion studies confirmed that complete 
24-hour urine specimens were obtained. 

METHOD 

Surgical orchiectomy was performed bv 
the usaal procedure, and in the cases indi- 
cated t Table 1) retroperitoneal lymph node 
dissection was also done. Postoperatively 
the adrenal glands were anatomically de- 
fined, using the upper poles of the kidney 
shadows on a flat roentgenogram of the 
abdomen as « guide for their location. It 
was felt that in all of the patients the 
adrena glands were located with certainty. 
The perimeters of each patient’s prescribed 
portals for radiation therapy were then 
outlined on the skin with lead markers and 
a Hat roentgenogram of the abdomen was 
taken to ensure that the renal shadows were 
within the confines of the portals, and thus 
that tae adrenal glands were within the 
field of direet irradiation. Treatment was 
then administered with the specific factors, 
dosage schedules, and relatively large 
portals indicated in Table it and Figures 1 
through 4. It should be noted that in Case 7 
the adrenal glands probably did not he 
entirely within the direct projections of 
either the abdominal or epigastric portals. 
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The right adrenal gland was almost com- 
pletely within the epigastric portals and 
the left partially so. Both were immediately 
adjacent to the superior edge of the abdom- 
inal portals. In Case 9 a 157 cm. lead 
plate was placed over the epigastrium on 
the days indicated (Fig. 4) to protect the 
adrenal glands from direct irradiation. 

Twenty-four hour urine specimens were 
collected in chemically clean bottles con- 
tuning a few crystals of thymol as a pre- 
servative. The specimens were refrigerated 
throughout the period of ccllection, and 
then transferred to a deep freeze at a tem- 
perature of approximately — 5? C. and kept 
for analvsis. The 17-ketosteroid excretion 
was determined by the method of Robbie 
and Gibson,” and the 17-hydroxycortico- 
steroids were determined by the Porter- 
Silber! method as modified by Reddy ef 
al? Adrenal cortical function was evalu- 
ated by the method described by Renold 
et al. except that 40 international units of 
adrenocorticotrophic hormone (ACTH) were 
administered by continuous intravenous 
drip over a ten hour period. In a few in- 
stances the two dav ACTH test of Thorn 
et al?’ was used to obtain the additive 
effect of 40 international units of ACTH 
similarly administered on two consecutive 
days. 

Almost daily 24-hour urine collections 
were made from the beginning of the con- 
trol period throughout the course of irradia- 
tion and for a short period following cessa- 
tion of irradiation. Intermittent follow-up 
studies were performed during the ensuing 
ninety davs, as the patients were available. 
ACTH stimulation studies were performed 
on the days indicated in the respective 
figures. All collected urine specimens were 
analyzed for the 24-hour excretion of 17- 
ketosteroids, and selected specimens were 
analyzed for 17-hydroxycorticosteroids in 
Cases 3 through 9, since the 17-hydroxy- 
corticosteroid analyses did not become 
available until the goth day of the study of 
Case 3. In each case the patient acted as his 
own steroid excretion control (except 17- 
hydroxycorticosteroid excretion in Case 3). 
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Tase II 


ROENTGEN THERAPY OF PATIENTS 














Distance] Per ] Total 
L UIâ- | Skin to | Cent Tissue Dose (r)* Adrenal 
E Depth | Depth Dose 
(days) (cm.) | Dose | Daily | Total (r) 


Case Portals and Size (cm.)* 














I | Opposing posteroanterior and anteroposterior | 31 9.5 72 | 54/108 | 2,592 | 2,592 


abdomen 15 X30 








2 Opposing posteroanterior and anteroposterior | 35 9.0 75 | 74/112 | 2,607 | 2,607 


abdomen 15 X30 











3 Opposing posteroanterior and anteroposterior 9.0 75 | 56/150 | 2,512 | 2,512 


abdomen 15X30 








4 Opposing posteroanterior and anteroposterior 


9.0 | 75 | 75/150 | 2,569 | 1,569 
abdomen 15 X30 





9.5 72 | 72/144 | 3,420 | 3,420 


7.5 86 | 65/129 | 3,526 | 3,526 
64/128 


3,392 of 


5 Opposing posteroanterior and anteroposterior 
abdomen 15 X30 








6 Opposing posteroanterior and anteroposterior 
abdomen 15X30 











7 Opposing posteroanterior and anteroposterior 
abdomen 20X20 


Opposing posteroanterior and anteroposterior 10.5 48 | 72/120 | 3,216 | 3,2161 


























epigastrium I2X 12 
Right lateral 15.0 27 | 81 81 o 
abdomen 10X10 
8 Opposing posteroanterior and anteroposterior 8.5 78 | 59/156 | 3,510 | 3,510 
abdomen 18X30 
Opposing posteroanterior and anteroposterior 8.5 66 | 66/132 | 2,904 o 
mediastinum 10X20 
9 Opposing posteroanterior and anteroposterior 10.5 64 | 32/128 | 2,112 | 2,112 
abdomen 15X7 (when not shielded) 
Opposing posteroanterior and anteroposterior 10.5 64 | 32/128 | 3,484 Oe 
abdomen 15 X30 (with 15 X7 shield part of 
time) 














Note: In all cases a Maximar roentgen-ray machine was used with the following physical factors: 220 kv.; 0.5 mm. Cu, 1 mm. Al 
filter; 1.35 mm. Cu half value layer; 15 ma.; 70 cm. target source distance; 21.6 r/min. (air). In general, paired anteroposterior and 
poateroanterior corresponding treatment fields were irradiated on alternate days with no therapy on Sundays and holidays. Data on 
day to day treatment are detailed in Figures 1 through 4. 

* For detailed locations of portals and record of daily treatments see Figures 1 through 4. 

T In Case 7 the adrenal glands were not completely within the epigastric portals, and were very close to the abdominal portals. 


In all cases, except Case 2, ACTH stimula- 9 patients are summarized in Figures 1 
tion studies were done at or before the through 4. These show the detailed day by 
institution of radiation therapy; so again day record of the 17-ketosteroid and 17- 
each patient acted as his own internal con- hydroxycorticosteroid excretion, and of the 
trol. daily dose of radiation. For each patient or 
group of patients a sketch showing the 

RESULTS detailed anatomic location of the portals 

The results of the steroid analyses on the used for irradiation is included. All steroid 
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Fic. 1. Summary of irradiation portals and data of 
roentgen therapy and steroid excretion in Cases 1 


through 4. 


values are expressed in milligrams excreted 
in the wrine for twenty-four hours. Days on 
which 29 international units of ACTH were 






administered intravenously to determine 
the effect of adrenal stimulation are indi- 


cated by arrows. The horizontal lines on the 
portions of the charts showing the steroid 
excretien indicate the level of steroid excre- 


tion on the first day of ACTH stimulation, 
prior to the commencement of irradiation. 
In some cases ACTH stimulation was done 
on two consecutive days but the steroid ex- 
cretion level on the first day of stimulation 
was selected as the base line. Thorn ef a/.2° 
have previously reported an additive effect 
of ACTH when administered on consecu- 





PKETOSTERDIDS 
mor 24 5r 


POHYDROXY- "d 





TORTHICOSTEROIDS 6 A 
ng fed nr o 


too 
NOCH TGENS (AIR! 100+ 


o. 
DAYS 





2 


Ward A. Soanes, Robert S. Cox and John R. Maher 


JANUARY, Tg6t 





CASE & 
IZ-KETOSTEROIDS 


mg! 24 br. 


; 5 i 
i : bid i-—-YDROXY-— “] 4 










CORTICOSTERGIDS "1^ — 
mg/24 Ar. + 


roo 








| 

T 
nd 
, 


IBI 


Fic. 2. Summary of irradiation portals and data of 


roentgen therapy and steroid excretion in Cases 5 
and 6. 
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Fic. 3. Summary of irradiation portals and data of 


roentgen therapy and steroid excretion in Case 7. 
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tive dass; therefore, it was felt that a more 
satisfactory and uniform base line stimula- 
tion level would be obtained bv using the 
excretion level on the first dav of stimu- 
laton. 

^re-immradiation. 17 ketosteroid studies 
were carried out on each patient for several 
ias. Examination of these values for each 
pacient showed a marked day to dav varia- 
tioa of the 24-hour urinary 17-ketosteroid 
excretion, with variations up to 100 per cent 
of the lowest value obtained. Such varia- 
tions persisted throughout the period of 
observation, largely masking any actual 
change in adrenal cortical activity due to 
the irradiation. In most of the cases an 
intravenous ACTH stimulation study was 
done on or just prior to the first day of 
irradiation and repeated later in the course 
of therapy. Both 17-ketosteroid and 17- 
hyerox: corticosteroid analyses were car- 
ried our the day before, on the day or days 
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of ACTH stimulation, and the dav follow- 
ing. In the majority of patients the 17- 
ketosteroid excretion on the first dav of 
ACTH stimulation was between so and too 
per cent higher than the highest nonstimu- 
lated value, but in Case 4 one of the control 
nonstimulation davs gave a value that was 
higher than that on the first dav of ACTH 
stimulation. In Cases 6 and 8 only a slight 
rise above the highest base line value was 
observed. The increase in 17-hvdroxvcorti- 
costeroid excretion, however, was found to 
be much more pronounced, varying from a 
100 to approximately a 400 per cent in- 
crease. From Figures 1 through 4 it is ap- 
parent that some trends in the 17-keto- 
steroid excretion values exist; however, the 
17-hydroxycorticosteroid excretion deter- 
minations reveal these ina much more clear- 
cut manner. The marked dav to dav vari- 
ations of the 17-ketosteroid excretion makes 
any interpretation of such data hazardous. 
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Where there are some differences in the 
excretory patterns of the two steroids, as in 
Cases 6, 7 and 8, it would appear that the 
17-hydroxycorticosterold data are those on 
which interpretations of adrenal cortical 
activity should be based. 

'The data in Figures 1 through 4 show a 
mild to moderate increase in 17-hydroxy- 
corticoid excretion in response to intrave- 
nous ACTH stimulation during the latter 
part of radiation therapy and immediately 
following it, with a subsequent return to 
normal or below normal excretion levels. 
The increases range from an apparently in- 
significant amount in Cases 7, 8 and 9 to 
almost.a 100 per cent increase in Cases 4 
and 5. In some cases (especially in Cases 6, 
7 and 9) a decrease in 17-hydroxycorticoid 
excretion in response to intravenous ACTH 
stimulation was observed late in or follow- 
ing the termination of radiation therapy. 
The two day ACTH stimulation tests re- 
vealed the expected increase in 17-hydroxy- 
corticoid excretion on the second day of 
stimulation compared with the first, except 
in Cases 4 and 9 where after more than 
2,000 r tissue dose of radiation to the ad- 
renal glands the second day excretion value 
dropped off instead of rising. In Case 6 
after 1,200 r, and again after 2,500 r, the 
second day excretion value was higher than 
that of the first day, as in the control tests. 

Case 8 is the only patient in this series on 
whom autopsy material could be obtained. 
The autopsy revealed widely disseminated 
metastases of embryonal carcinoma of the 
testis with almost complete replacement of 
the left adrenal gland. The right adrenal 
gland, however, was not involved by tumor 
and careful study showed no significant 
histologic change. The patient was mark- 
edly cachectic at the time of death and 
Sudan 1v stains of sections of the adrenal 
gland revealed a mild to moderate reduc- 
tion of sudanophilic substance in the 
adrenal cortex, but the changes were con- 
sistent with the degree of cachexia and 
chronic illness of this patient. Hematoxylin 
and eosin, Masson trichrome, and reticu- 
lum stains revealed no evidence of any 
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significant change in architecture and no 
increase in fibrous or reticular elements. 
The relative thicknesses of the zona glo- 
merulosa, the zona fascicula:a, and the 
zona reticularis were essentially normal. No 
evidence of significant vascular changes was 
found. Examination of sections of adrenal 
glands from other patients receiving large 
amounts of radiation to abdominal portals 
revealed no specific changes ascribable to 
the irradiation. 


DISCUSSION 


The steroid data clearly reveal the inade- 
quacy of 17-ketosteroid excretion and the 
relative reliability of 17-hycroxycortico- 
steroid excretion in measuring zdrenal corti- 
cal function. The effects of specific adrenal 
cortical stimulation are largely masked in 
many cases by the presence of considerable 
extra-adrenal 17-ketosteroid which is being 
simultaneously excreted. The 17-hydroxy- 
corticosteroids are much closer metaboli- 
cally to the adrenal cortex than the 17- 
ketosteroids, which may come from many 
different sources. The reasons for the excess 
extra-adrenal steroid are not apparent since 
all the patients are young men who have 
one testis and similar disease processes. It is 
interesting to note that in Case 9, which 
demonstrates very high unstimulated 17- 
ketosteroid excretion values, there is still a 
marked ACTH stimulation effect. This 
shows that the ACTH stimulation test is a 
measure of adrenal cortical reserve capacity? 

Various previous workersb9/73? have 
shown that 17-ketosteroid excretion values 
rise for a short period during stress and then 
fall back to base line levels. These studies 
have been made largely in con‘unction with 
trauma and disease, and such studies have 
not been reported in cases receiving 
roentgen irradiation. Selye!" nas proposed 
his theory of the "general adaptation syn- 
drome" and the accompanying adrenal 
response to stress, which is consistent with 
the above observations. From the cases 
studied in this series, it is felt that pro- 
longed irradiation represents severe stress, 
and in consonance with Selye's theory there 
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is an increased response of the adrenal 
cortex to intravenous ACTH stimulation. 
In most cases the steroid excretion values 
returned to approximately control levels in 
the period following cessation of irradia- 
tion. In some cases, however, an apparent 
permanent decrease in the capability of the 
adrenal glanc to respond to intravenous 
ACTH stimulation after the deliverv of 
larger therapeutic doses of radiation was 
noted. Since the adrenal glands of the one 
patient in this series who came to autopsy, 
as well as those of patients receiving similar 
high deses of roentgen radiation, showed no 
significant morphologic change, it is diffi- 
cult to identify the exact pathologic 
process. 

'The most marked adrenal cortical im- 
pairment occurred in Cases 6 and 7, who 
received approximatelv 3,500 r tissue dose 
through portals encompassing the adrenal 
glands. Case 7 also received an additional 
3,400 r tissue cose through other abdominal 
portals which did not include the adrenal 
glands. Although in this patient the adre- 
nal glands were not completely within the 
field of either pair of anterior and posterior 
portals, thev were largely included in the 
epigastric portals and very close to the 
superior margin of the abdominal portals, 
thus undoubtedly receiving a high dose of 
radiation. Adrenal cortical impairment 
occcurred without prior evidence of anv 
significant. enhancement of the adrenal 
cortical response to intravenous ACTH 
stimulation. It should be noted that rela- 
tively few 17-hydroxycorticosteroid analv- 
ses were madeon this patient, and 1t is pos- 
sible that some enhancement occurred but 
was missed. In Case 8 two separate pairs of 
portals (one abdominal pair including the 
adrenal glands and one mediastinal pair) 
were used, giving 3,500 r tissue dose to the 
adrenal glands. This patient showed a slight 
increase in adrenal cortical response to 
intravenous ACTH stimulation which per- 
sisted throughout therapy, but he was lost 
to steroid follow-up two weeks later. In 
Cases : through 6 only one pair of abdomi- 
nal portals, which included the adrenal 
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glands, was irradiated. Of these, Cases 4, 5 
and 6 showed marked enhancement of 
adrenal cortical response to intravenous 
ACTH stimulation. Cases 5 and 6 received 
approximately 3,500 r tissue dose to the 
adrenal glands as compared to approxi- 
mately 2,500 r in Cases 1 through 4. Case 6, 
however, was the onlv one of these patients 
to demonstrate subsequent adrenal cortical 
impairment. 

The two dav intravenous 3CTH stimu- 
lation tests, performed prior to the begin- 
ning of irradiation, revealed a cumulative 
response to Intravenous ACTH stimula- 
tion, as previously reported by Thorn et 
al.’ Those performed late in the course of 
therapy, or following it, revezled an inter- 
esting pattern. [n Case 4 after 2,500 r tissue 
dose to the adrenal glands, the 17-hvdroxv- 
corticosteroid excretion was markedly less 
on the second consecutive day of intrave- 
nous ACTH stimulation, and a similar effect 
was noted in Case 9 after approximately 
2,000 r tissue dose of radiation to the 
adrenal glands. In Case 6 similar tests 
following tissue doses of approximately 
1,200 r and 2,500 r did not show such a 
reversal. These data suggest trat there may 
have been impairment of adrenal cortical 
reserve not manifested by zhe one dav 
intravenous ACTH stimulation test. Thus, 
smaller doses of radiation (of the order of 
2,000 r) than the 3,000~3,s00 r necessary to 
manifest adrenal cortical damage by the 
one day intravenous ACTH test may re- 
duce the ability of the organism to with- 
stand stress situations. Further studies of 
this type with various adrenal and ACTH 
blocking substances would appear war. 
ranted to assess such lesser degrees of dam- 
age. 

In an attempt to determine whether the 
alterations in adrenal cortical response were 
due to the direct effects of irradiation or to 
generalized toxic effects, regardless of 
whether the irradiation portals directly 
involved the adrenal glands or not, an at- 
tempt was made in Case g to alternately 
shield and irradiate the adrenals. Unfortu- 
nately, no significant enhancement effect 
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was encountered in this patient. During the 
second period of shielding, however, a drop 
in steroidogenesis in response to intra- 
venous ACTH stimulation was noted, with 
a return to base line levels on redirect irra- 
diation, followed by another drop after 
irradiation was completed. This is sugges- 
tive of an enhancement effect during direct 
irradiation of the adrenal glands rather 
than a systemic effect. It also suggests that 
the damage is the result of direct irradia- 
tion, becoming evident after cessation of 
the stimulatory effect during actual active 
irradiation, provided the dose has been 
large enough. 

Cases 7 and 8 should cast some light on 
the problem of whether direct adrenal 
gland irradiation or generalized toxic ef- 
fects are of more significance, since these 
patients received radiation therapy to 
portals including the adrenal glands and 
also to other portals. In Case 8 a 17-keto- 
steroid stimulation effect in response to 
intravenous ACTH was noted early during 
irradiation. of portals including the ad- 
renal glands, but only a transient true ad- 
renal cortical stimulation as shown by the 
excretion of 17-hydroxycorticosteroids oc- 
curred. This was at the end and very 
shortly following the direct adrenal gland 
irradiation, occurring early in the irradia- 
tion of the mediastinal portals. In Case 7 
little stimulation was noted, but insuffi- 
cient analyses were performed. Definite 
adrenal cortical depression occurred late 
and persisted. Early stimulation and late 
depression were observed in Case 6 where 
only adrenal gland portals were irradiated. 

It is felt that to obtain more significant 
data on this matter it would be necessary 
to study an additional series of patients re- 
ceiving similar therapeutic doses of radia- 
tion to another area, for instance the chest, 
and then to compare them with Cases 1 
through 6 in this series. The data obtained 
in this series, however, would appear to 
clearly indicate that enhancement does 
occur when the adrenal glands are directly 
irradiated. The data also suggest that the 
adrenal gland damage manifested by de- 
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pressed steroidogenesis in response to intra- 
venous ACTH stimulation is the result of 
such direct irradiation, generally following 
large doses. 

The degree of response of the adrenal 
cortex to intravenous ACTH stimulation 
seems to be dependent on the tissue dose of 
radiation administered to the adrenal 
glands. Marked individual variation is ap- 
parent from this study. Tissue doses to the 
adrenal glands of approximately 2,500 r 
generally produce increased adrenal corti- 
cal activity in response to intravenous 
ACTH stimulation followed by a return to 
base line values with no subsequent im- 
pairment (Cases 1 through 4). Tissue doses 
of 3,500 r to the adrenal glands usually 
produce an initital stimulation followed by 
subsequent impairment as manifested by 
the one day intravenous ACTH stimulation 
test (Cases 5 through 8), while tissue doses 
of 2,000 to 3,000 r produce an initial stimu- 
lation with simultaneous impairment of the 
response to the ¢wo day intravenous ACTH 
stimulation test (Cases 4, 6 and 9). 


SUMMARY 


Nine cases of patients with testicular 
tumors receiving therapeutic doses of 
roentgen rays to the region of the adrenal 
glands are presented. The r7-ketosteroid 
and  r7-hydroxycorticosteroid excretion 
studies were carried out prior to the initia- 
tion of radiation therapy, during therapy, 
and for a follow-up period. Adrenal steroid-« 
ogenesis was evaluated by the response of 
the adrenal to stimulation with 40 units of 
ACTH administered intravenously over a 
ten hour period on one day, or on two suc- 
cessive days. 

The data indicate a variable degree of 
enhancement of adrenal cortical steroid- 
ogenesis during or immediately following 
radiation therapy to the adrenal glands in 
the majority of patients, presumably re- 
flecting the “general adaptation syndrome” 
to stress. Most patients acquired a mild 
degree of adrenal cortical impairment sec- 
ondary to such irradiation. The data indi- 
cate that the administration of more than 
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2,00€ r tissue dose to the adrenal glands pro- 
duces increased adrenal cortical steroido- 
genesis during irradiation in response to the 
one dav intravenous ACTH stimulation 
test. Less than 2,200 r tissue dose produces 
no impairment or stimulation of adrenal 
steroidogenesis or reserve as measured by 
one or fico dav intravenous ACTH stimula- 
tion. Administration of 2,000-3,000 r tissue 
dose preduces a transient stimulation with 
a simultaneous loss of adrenal cortical re- 
serve as shown bv intravenous ACTH ad- 
ministration on fwo consecutive days. More 
than 3,000 r tissue dose results in transient 
stimulatzon followed bv subsequent adreno- 
certical impairment as manifested bv 
stimulation bv one dav of intravenous 
ACTH administration. Following 3,500 r 
tumor dose, the adrenal glands still appear 
to have a normal amount of steroidogenesis 
under nenstress conditions, but their ability 
to respond to stress is markedly limited. 
The data on patients receiving roentgen 
radiation through portals including the ad- 
renal glands and through other portals sug- 
gest thar the enhancement and impairment 
observed are both due to direct irradiation 
of the adrenal glands, but generalized 
secondary systemic toxicity may play a 
role. One patient who died showed no evi- 
dence of functional adrenal cortical im- 
pairment after 3,500 r tumor dose to the 
adrenal glands and 3,000 r tumor dose to 
the mediastinum. At autopsy, no histologic 
ehanges of the adrenal cortex were found. 
Study of the adrenal glands of other pa- 
tients receiving similar doses of therapeutic 
roentgen radiation to the adrenal glands 
likewise failed to reveal any characteristic 
or Lee histologic changes. 
Robert S. Cox, Jr., Capt., MC 
Rodriguez U. S. Army Hospital 


APO 851 
New York, New York 
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SENSITIZATION AND RECOVERY PHENOMENA 
AFTER EMBRYONIC IRRADIATION* 


By MELVIN: R. SIKOV, Pa.D., and JAMES E. LOFSTROM, M.D. 


DETROIT, MICHIGAN 


UR NG the course of studies on the 

effects of radioactive phosphorus on 
the development of the rat embryo,*? we 
found æ much greater incidence of mal- 
formatiens whea injection was made after 
six or af er eight days of gestation than was 
expectec on the basis of previous studies by 
Wilson 2 a/.9?-^ They had noted that 
acute externa roentgen irradiation of the 
rat enbeyo did not produce malformation 
when acministered at eight days of gesta- 
tion or oefore. Their experiments, among 
others, siowed that a wide array of malfor- 
matiens which were largely characteristic 
of the age at the time of irradiation, could 
be prod ced by irradiation at nine days of 
gestation and therefter. Russell's? studies 
likewise demonstrated that irradiation dur- 
ing tae comparable stages of development 
of the mouse cid not induce anomalous de- 
velopment in this species. It was our first 
inclination to explain our findings on the 
basis of P? remaining at nine days of 
gestarior and thereafter. This was not 
possible, however, since we had found that 
too liztle radiaphosphorus remained in this 
period tc explain the incidence of malforma- 
tion thar was tound.® 
* [n seacching for other possible explana- 
tions for this phenomenon, our attention 
was attr.cted to the recent revival of inter- 
est in th: processes of recovery from radia- 
tion. In the use of fractionated radiations to 
determire the rate of recovery, two expo- 
sures are usually administered, an initial 
exposure followed by a second test dose. 
The Ars: exposure is usually arbitrarily 
given as one half of the previously deter- 
mined median lethal dose or LDso. Implicit 
in this usage is the consideration that this 
initial imcrement of radiation would be 


without a grossly detectable effect, al- 
though it would of necessity have some 
effect which could be experimertallv deter- 
mined. This initial exposure mav essentially 
be regarded as a sensitizing dose of radia- 
tion. 

As early as 1920, a theory of recovery 
had been proposed by Kingery? according 
to which radiation produces some hypothet- 
ical decomposition product which in turn 
elicits clinical manifestations when present 
in sufficient concentration. He further 
postulated that recoverv consisted of an 
exponential loss of this material. Although 
current concepts of radiation recovery do 
not require the presence of such a sub- 
stance, an exponential recovery is com- 
monly accepted. The so-called “Pfahler- 
Kingery” or "saturation" method of radia- 
tion therapy, which was proposed by 
Kingerv* and expanded by Pfahler,^* was 
based upon experimental and empirical 
estimates of these recovery times. This 
method consisted of fractionation with 
doses of decreasing size to establish and 
then maintain a plateau of etfect. Recently, 
Du Sault? has proposed that a more careful 
studv be made of fractionation effects to 
enable treatment planning to be derived 
more effectively, making use of the differ- 
ential recovery rates which may be shown 
to occur between normal and neoplastic 
tissues in some cases. 

These considerations have led us to 
experimentallv examine the possibility that 
irradiation earlier in gestation might sensi- 
tize the embrvo so that small amounts 
of radiation from P? residual at nine or 
ten davs of gestation would produce an 
effect greater than might otherwise be ex- 


pected. 


* From the Department of Radiology, Wayne State University College of Medicine, and Receiving Hospital, Detroit, Michigan. 
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MATERIAL AND METHODS 


Virgin female rats of the Holtzman 
strain, weighing between 180 and 200 gm., 
were used in these experiments. These 
animals were caged nightly with males of 
the same strain and vaginal smears taken 
daily thereafter. Nine o’clock in the morn- 
ing of the day on which the smear was 
found to contain sperm was considered to 
be the time of fertilization. 

Groups of 10 to 12 pregnant animals were 
exposed to one of several doses of roentgen 
rays after six or after nine days of gestation. 
The animals were individually enclosed 
within segments of a lucite wheel-shaped 
device which rotated about the axis of the 
roentgen-ray beam. Exposure was made at 
250 kv. peak with a G. E. Maximar ma- 
chine. Operating this unit at 15 ma. with a 
parabolic aluminum field-flattening filter in 
addition to a 0.5 mm. copper and I mm. 
aluminum flat filter gave a beam of 1.75 
mm. copper half value layer and a dose rate 
of approximately 16 r per minute.. 

From the examination of the resultant 
dose-response curves, which are shown in 
Figure 2, it was seen that treatment with 
doses of 110 r or less after six days of gesta- 
tion did not increase post-implantation 
mortality above control levels. Neither this 
dose, nor even higher doses, produced any 
malformations when administered at this 
time of gestation. Accordingly, pregnant 
females were subjected to a sensitizing dose 
of 110 r at six days of gestation. They were 
again exposed three days later, at nine days 
of geststion, to a variety of roentgen-ray 
doses to establish the new dose-response 
curve. 

In all cases, the female rats were sacri- 
ficed after fourteen days of gestation and 
the fetuses removed, weighed, and exam- 
ined for gross malformations. The mortality 
percentage and weight depression at four- 
teen days of gestation were plotted against 
dose on probability graph paper and the 
ED; determined by the method of Litch- 
field and Wilcoxon.* Similar functions were 
calculated for anomalous development in 
terms of the radiation dose which would 
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produce a 5o per cent incidence of various 
specific gross abnormalities. For the pur- 
poses of this study, this was analyzed as the 
percentage of animals showing an arbitrary 
amount of decrease in the relative length of 
the mandible, reduction of the size of the 
external aspect of the eye, or failure of the 
processes composing the maxilla to close. 

'The minimum extent of change that was 
denoted abnormal for the purposes of these 
calculations is demonstrated in Figure 1, B 


and D. 


RESULTS 


The 3 dose-mortality curves, in terms of 
the percentage of the embryos killed by 
fourteen days of gestation, are shown in 
Figure 2. It may be seen that these curves 
are essentially parallel to each other; this is 
confirmed by statistical analysis. Using the 
method of Litchfield and Wilcoxon,’ an 
ED value of 178 r may be obtained for 
treatment at six days and 147 r at nine days 
of gestation; these differ significantly at the 
95 per cent confidence level. When the 
pregnant females were given a preliminary 
exposure of 110 r at six days, only 115 r 
additional at nine days of gestation pro- 
duced 50 per cent mortality by fourteen 
days. This displacement of the response 
curve by 32 r to theleft implies that about 
29 per cent of the six day exposure remains 
effective three days later for enhancement 
of the lethal effect. 

Although all 3 curves have essentially tht 
same general shape, there is a difference 
notable in terms of the apparent threshold, 
i.e., the dose below which no effect is noted. 
It is seen that there is a distinct threshold of 
about 110 r or 80 r when irradiation was 
performed at either six or nine days of 
gestation, respectively. This threshold was 
not found when the exposure at nine days 
was preceded by a sensitizing exposure of 
IIO r at six days. 

The corresponding curves for weight 
depression after irradiation at six or at nine 
days of gestation, which are not presented, 
show threshold values similar ta those seen 
for mortality. The shapes are distinctly 
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Wie. 1. Goss anomalies used as criteria. (7) Profile of normal fourteen day rat embryo. (B) Profile of irradi- 
ated feurteen dav rat embryo. Note decreased size of eye and nonclosure of maxillary processes. (C) 
Ventre aspect of head of normal fourteen day rat embryo. (D) Ventral aspect of head of irradiated four- 
teen dev rat embryo showing shortened mandible. 


Eerert, however, in that they both show such a threshold. Additionally, it has 
plateau and are essentially horizontal over a lesser slope than the other 2 curves al- 
the upper dose range. The curve obtained though it approaches the same maximum 
with p'etreatment at six days does not value of weight depression. 
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Fic. 2. Percentage mortality at fourteen days of ges- 
tation of embryonic rats after irradiation with 
various doses at six or nine days or pretreated at 
six days and again exposed at nine days of gesta- 
tion. 


As was indicated above, a reduction in 
the relative size of the mandible equal to or 
greater than that shown in Figure 1D has 
been considered anomalous. The percentage 
of fourteen day fetuses showing this 
amount of mandibular shortening has been 
plotted against dose in Figure 3. 

At the levels of radiation used in this 
experiment, a 50 per cent incidence of man- 
dibular shortening was not attained. The 
probit lines were extended and the ED; 
values estimated; these were 180 r and 132r 
for irradiation at nine days and for six plus 
nine days respectively. Because of this 
extrapolation as well as because the curves 
are not parallel over their entire length, the 
differences in EDs cannot easily be tested 
by statistical means. It is further to be 
noted that the response curve associated 
with irradiation at nine days of gestation 
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Fie. 3. Incidence of mandibular shortening produced 
by irradiation at nine days of gestation with and 
without pretreatment at six days. 


Melvin R. Sikov and James E. Lofstrom 


JANUARY, 1961 


shows a threshold value of about 60 r, 
whereas there seems to be no threshold 
when a preliminary treatment is given three 
days earlier. Considering the curves only at 
the estimated ED; level, there is a 48 r 
shift toward lower doses after a sensitizing 
exposure of 110 r at six days. This implies 
that 44 per cent of the earlier irradiation is 
effective after an interval of three days to 
enhance the effects of the second exposure. 

The effects of this procedure have also 
been considered in terms of the percentage 
of fetuses showing microphthalmia some- 
what less severe than that shown in Figure 
1B. The two dose-response curves shown in 
Figure 4 are seen to have approximately the 
same shape. They may be shown to be 
parallel with greater than 95 per cent 
probability, although on inspection there 
seems to be a tendency toward increased 
slope for the curve resulting from pre- 
irradiation at six days. The EDs of 93 r 
and 79 r for irradiation at nine or at six plus 
nine days, respectively, is significantly dif- 
ferent at the 95 per cent confidence level. 
The curve obtained after a preliminary 
exposure at six days shows a 14 r displace- 
ment to the left. This would imply that 
only about 13 per cent of the first exposure 
remains effective for sensitization, which is 
somewhat less than that found for reduc- 
tion in the size of the mandible. It is of in- 
terest to note, however, that the curves 
both show a threshold and that this, if it is 
shifted at all by the preliminary exposure at* 
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Fic. 4. Incidence of microphthalmic embryos after 
irradiation at nine days of gestation with and with- 
out pretreatment at six days. 
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Vic. 5. Percentage of embryos with anomalies of 
maxillery development after irradiation at nine 
days of gestation with and without pretreatment 
at SIX Gavs. 


six days, is altered only by a very small 
amount 

The -lements composing the maxilla are 
comple ely fused by the end of the four- 
teenth day of gestation in the normal fetus 
as shown in Figure 1, Æ and C. The degree 
of nonfasion indicated in this diagram was, 
for our purposes, considered to be anoma- 
lous. Tae curves of the percentage of fe- 
tuses saowing this degree of incomplete 
fusion .s a function of dose are shown in 
Figure 5. As will be noted, the slopes and 
EDs. aʻe essentially the same whether or 
not a sensitizing exposure Is given at six 
days. I+ would thus seem that treatment at 
six days does not influence the amount of 
maxillary damage produced by subsequent 
irradiation at nine days. 

Abnermalities of the limbs, as well as 
malformations of the head such as micro- 
cephaly, blebs, and encephalocoele were 
seen in many of the fetuses. These anoma- 
lies were produced by lower doses of radia- 
tion when a sensitizing dose of 110 r was 
given at six days rather than when irradia- 
tion wes administered at nine days alone. 
These :hanges were seen only at higher 
doses se that the data were insufficient to 
analvze quantitativelv. 








DISCUSSION 


It is apparent from the results obtained 
in this experiment that an exposure to 
roentgen radiation at six davs of gestation, 
which & itself without gross effect, poten- 
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tiates the effect of a second exposure at nine 
days of gestation. On this basis it would 
seem that changes do occur in the six day 
embryo which are morphologically unde- 
tectable by usual techniques. These changes, 
which do not become apparent even at very 
high doses, remain for at least three days 
and are able to increase the magnitude of 
the response to additional radiation admin- 
istered at that time. Since this effect is not 
detectable except through the use of addi- 
tional radiation at some later time, it may 
be regarded as a sensitization process. The 
importance of this process, in terms of the 
production of certain malformations, is seen 
to be sufficiently great to account for the 
findings in our earlier experiments with 
radioactive phosphorus. It may thus be 
concluded that the small residual amounts 
of radioactivity remaining at nine davs 
after injection of P? at six davs of gestation 
mav be responsible for malformation pro- 
duction in an embryo sensitized by the 
earlier exposure. 

It is not possible at this time to offer any 
explanation of the mechanisms involved in 
the sensitization to the production of mal- 
formations. This phenomenon poses less 
problems in terms of the lethal effect, since 
embryonic death can be produced by expo- 
sure at six days with doses slightly higher 
than those here used for sensitization. Al- 
though more detailed knowledge of the 
alterations leading to death would be 
required to decide whether or not the sensi- 
tization phenomenon was comparable to 
that operating in the case of the use of the 
divided dose technique for tie study of 
recovery in the adult, it is felt that the two 
are akin. 

The fact that the shift of the curves 
toward lower doses is in al! cases less than 
the administered 110 r is of importance. 
When it is considered in the light of the 
uncertainty about the mechanisms in- 
volved, it gives rise to the possibility that 
recovery from the effect of the first radia- 
tion dose occurs in the three days between 
exposures. Insufficient information is avail- 
able to choose between this possibilitv and 
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the alternative that the sensitization proc- 
ess is incomplete. If we assume a logarith- 
mic relation for recovery from the lethal 
effects, as is found in the adult, the recov- 
ery rate may be quantitated. On this basis, 
a half-recovery time of 1.7 days would be 
obtained which is distinctly less than that 
found in the adult animal, 

When this rate is compared with the 
series of recovery half-times for the lethal 
effect in adult animals, as presented in the 
review by Davidson! relations of particular 
interest may be noted. He found, on com- 
. piling the available data, that recovery 

half-time was inversely proportional to the 
size of the animal. It is not known whether 
this is a phenomenon associated with size 
per se, since other parameters such as life 
expectancy, basal metabolic rate, and the 
average life of certain radiosensitive cells 
follow the same order within the series. Of 
importance, however, is the fact that we 
„ have obtained an estimated value of 1.7 
days as the recovery half-time in the rat 
embryo, which is distinctly less than the 
range of values of three to eight days in the 
adult mouse and six to nine days in the 
adult rat. This presents the added possi- 
bility that recovery rate may also be related 
to the degree of differentiation of a tissue or 
to the general level of undifferentiated cells 
in an organism. 

Clinically, it would be of certain great 
importance to know which of these possi- 
bilities are in fact responsible for the char- 
acteristic recovery rate. If it were to be 
found to be related to some one variable 
that could be manipulated under clinical 
conditions, it might be possible to increase 
the differential in recovery rate between 
normal and neoplastic tissue and thus ef- 
fect more satisfactory radiation therapy. 

The fact that a preliminary exposure at 
six days of gestation may produce a shift in 
the threshold or in the slope of a dose- 
response curve is of interest. There is the 
likelihood that such a relation of slope and 
threshold changes may pertain in the case 
of both normal and neoplastic tissues in the 
human. This would, of course, become most 
complicated in the case of multiple irradia- 
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tions since it would imply a continuous 
change in these factors. Such a phenomenon 
would, however, have pronounced clinical 
value if it were definitely demonstrated to 
occur and was sufficiently well studied to be 
completely understood. 


SUMMARY 


Pregnant female rats were subjected to a 
preliminary exposure of roentgen rays at six 
days of gestation and again irradiated with 
a variety of doses at nine days. The results 
of such exposure, expressed in terms of em- 
bryonic mortality, growth, and abnormali- 
ties, were compared to the damage produced 
by a single exposure at either six or nire 
days. 

It was found that a 110 r preliminary 
exposure dose reduced the LDi;, deter- 
mined as the dose required to kill 50 per 
cent of the embryos by fourteen days of 
gestation, from 147 r to only 115 r. Pretreat- 
ment at six days with a second exposure at 
nine days also served to eliminate the 
threshold usually seen with single exposures 
from the dose-response curve. Similar re- 
sults were obtained when weight depressicn 
was studied. 

The dose of radiation at nine days of 
gestation required to obtain mandibular 
shortening in 5o per cent of the fetuses was 
markedly decreased by a previous exposure 
at six days. This treatment also signifi- 
cantly decreased the dose required to ob- 
tain eye changes. Pretreatment was nof 
effective in increasing the incidence of 
maxillary changes. 

The data obtained in these experiments 
have been interpreted as indicating that a 
sensitization of the embryo occurs which 
enhances the teratogenic effects of later 
radiation exposures. It was also found that 
recovery from certain of such effects mey 
occur and at a rate greater than that found 
in the adult rat. These findings may be 
shown to have ultimate clinical importance. 
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STRAY RADIATION FROM THERAPEUTIC 
ROENTGEN-RAY BEAMS* 


By A. F. HOLLOWAY, Pu.D. 


KINGSTON, ONTARIO, CANADA 


C HE problem of radiation scattered to 
the side of a patient undergoing 
roentgen therapy may be of considerable 
importance when computing the protection 
requirements of a therapy room. Informa- 
tlon about the quantity and quality of 
scattered radiation is available for the 
energy range 60 kv. to 100 kv.^* and for 
Co'? radiation? However, for the other 
energies, the convention normally adopted 
is that the scattered radiation measured at 
1 meter from the scatterer does not exceed 
O.1 per cent of the incident beam. ?? 

In part A of this paper an experiment is 
described to test the validity of this con- 
tention for roentgen rays generated at 
voltages between 150 kv. and 250 kv. In 
part B an attempt 1s made on the basis of 
single scattering to account for the ob- 
served results. 


(A) EXPERIMENTAL DETERMINATION OF 
SCATTERED RADIATION 
EXPERIMENTAL ARRANGEMENTS 


The experiments were performed by 
measuring the scattered dose at a point 40 
cm. to one side of a phantom (Fig. 1). A 
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Fic. 1. Experimental arrangement illustrating 
the water shell. 


water phantom 30 cm.X30 cm.X20 cm 

deep was irradiated by a beam of roentgen 
rays one edge of which was parallel to the 
side of the phantom. The distance from the 
target to the phantom surface was £o cm. 
Most of the measurements were made with 
the edge of the beam coincident with the 
edge of the phantom; however, a shell of 
water of varying thickness was interposed 
between the edge of the beam and the edge 
of the phantom for part of the experiment 
to determine the shielding effect of the 
phantom material. 

In order to protect the measuring cham- 
ber* from the main beam, additional lead 
shielding was required around the tube 
head. 

The experiments were carried out by ex- 
posing the surface of the phantom to 100 r 
incident air dose for various qualitv 
roentgen rays and measuring the amount of 
scattered radiation to one side of the phan- 
tom. This measurement was performed at 40 
cm. for all experiments except one in which 
the dependence of scattered dose rate on 
distance was investigated by making the 
measurements at several distances from the 
edge of the phantom varying from 9 cm. to 
56.4 cm. 

Additional experiments were carried out 
to measure the variations in scattered dose 
as the field size was varied and also as the 
thickness of the water shell between the 
edge of the field and the edge of the phan- 


tom was varied. 
RESULTS 
The results of the experiments are shown 


* The scattered dose was measured using ionization chambers 
of the M.R.C. design type B.D. 11, manufactured by the Bald- 
win Instrument Co. These chambers are stated by the manufac- 
turer to be substantially independent of quality for gamma rays 
and all roentgen rays above o.1 mm. Cu half value layer. 


* From the Ontario Cancer Treatment and Research Foundation, Kingston Clinic, Kingston, Ontario, Canada, This paper was 
read, in part, at the Ninth International Congress of Radiology in Munich. 
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m the following figures. Figure 2 shows the 
x mou at of scattered radiation 40 cm. to one 
side o the fied in terms of per cent primary 
wir dese for primary radiation of quality 
6.35 rem. Cu to 3.40 mm. Cu. These results 
were cbtained with no water shell between 
the ecge of che beam and the ionization 
chamker. Figure 3 shows the variation in 
cose «s a warer shell is placed adjacent to 
the ficld edge in the path of the scattered 
radiat on. From these graphs it may be seen 
that, zt a position 40 cm. to one side of the 
scattering medium, the dose rate is approxi- 
matel~ 0.3 per cent of the primary air dose 
rate. Ef a water shell of 10 cm. thickness is 
iaterposed be-ween the edge of the field and 
the ioaizatior chamber, one observes from 
Figure 3 that the dose rate is only reduced 
by a factor of one-half. 
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Frs. 3. Relation between side scatter and 
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Fic. 4. Relation between side scatter and 
length of the field. 


The results given above were obtained 
using a field area of 7.3 cm. X 15 cm. on the 
surface, the 15 cm. dimension being parallel 
to the phantom edge nearest the chamber. 
Figures 4 and $ show the variation in scat- 
tered dose as the length and width of the 
feld are varied. Figure 4 shows, as one 
would expect, that the amount of scatter to 
one side of a field varies almost directly 
with the length of the field, this relation 
falling off slightly for larger fields. The 
scattered dose also depends on the width of 
the field, as shown in Figure 5, but absorp- 
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Fic. 5. Relation between side scatter and 
width of the field. 
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Frie. 6. Variation of side scatter with distance 
from the scattering medium. 


tion in the phantom plays an increasing 
role as the width increases. 

Measurements were made at various 
distances from the edge of the phantom in 
order to find whether the scattered dose 
rate did, in fact, fall off as the inverse 
square. 

The results of this investigation are 
shown in Figure 6. The solid line in the 
figure denotes an inverse square relation. 
The middle curve shows experimental 
results when the distance was measured 
from the centre of the field; the lower curve 
gives the results when the distance was 
measured from the near edge of the field. It 
is seen from this figure that the variation 
in dose rate follows the inverse square law 
even down to the distances as short as 15 
cm. from the centre of the field. The data 
for this curve were obtained using primary 
roentgen rays of qualities ranging from 0.54 
mm. Cu to 3.4 mm. Cu half value layer. 

Finally, an attempt was made to measure 
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the quality of the scattered radiation. This 
was done by placing large sheets of copper 
over the side of the phantom and measuring 
the half value layer. While these measure- 
ments were not carried out using “good” 
geometry, they are at least an indication of 
the quality of the scattered radiation. The 
results of this investigation are shown in 
Figure 7. All primary beams with the excep- 
tion of the 0.35 mm. Cu half value layer 
were produced by a roentgen-ray machine 
operating at 250 kv. The other point was 
obtained using roentgen rays generated at 
150 kv. The points shown in Figure 7 were 
all measured with no water shell between 
the edge of the field and the edge of the 
phantom, with the exception of two points 
shown as solid circles for primary half value 
layers of 1.5 mm. Cu and 2.5 mm. Cu where 
additional measurements were made using 
a water shell 10 cm. thick. As seen from the 
graph, there was no significant change in 
the quality of the scattered radiation when 
this water shell was placed between the 
edge of the field and the ionization cham- 
ber. The half value layer of the scattered 
radiation, for the qualities investigated, is 
approximately one half of the primary 
radiation, tending to be harder than this at 
low energies and softer at high energies. 


CONCLUSION 


'The conclusion which may be drawn 
from the results reported above is that, for 
roentgen-ray beams with a half value layer * 
between 0.35 mm. Cu and 3.5 mm. Cu, the 
scattered dose one meter from the centre of 
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Fic. 7. The quality of the scattered radiation is 
plotted against that of the corresponding primary. 
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the beam anc the patient, measured in a 
directian at right angles to the incident 
beam, ss less than o.r per cent of the pri- 
mary aar dose delivered to the patient. The 
scattered dose was found to vary approxi- 
matelv as the area irradiated and the dose 
deliverzd to aav point at right angles to the 
main beam will vary inversely as the square 
of the distance from the centre of the pri- 
marv field to the point of measurement. 
Furthe-, one may conclude that the half 
value laver of the scattered radiation is 
approx mately one half that of the primary 
beam. Às one would expect, the scattered 
radiatien is somewhat softer at higher 
energies and harder at lower energies than 
the simole approximation referred to above. 
The quality of scattered radiation from a 
phantom irraciated by roentgen ravs gen- 
erated at 100 kv. peak (half value laver o.8 
mm. Af) was also investigated. Here the 
scattered radiation was found to have a 
quality of 4 mm. Al when an 8 cm. thick 
water shell was placed between the edge of 
the beam and the ionization chamber. This 
compares with a value of 2.9 mm. Al found 
by Keane and Spiegler® when the water 
shell was only 3 cm. thick. 


(EI CALCULATION OF SCATTERED 
RADIATION 
INTRODUCTION 
Consider a parallel roentgen-ray beam 
74X15 cm. instead of one diverging with 
efocal scurce distance of so cm. as used in 
the experiment, impinging on the water 
phantem. This assumption should make 
little diterence in the results. Consider also 
the sinzle go? scattering case as a first 
approxamation (Fig. 8). 





CALCULATION 

Let D, be the dose rate at P(x.y.) due to 
wave lengths between À and ÀA4-7A in the 
primary beam. Let the dose rate at P corre- 
sponding to D. in the absence of the phan- 
tom be Zi r/min. Note that Za will not 
vary with x since we are considering a 
parallel beam. 

Then Di Fe where gis the linear 
absorpt.on coefficient for wave length A. 
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Fic. 8. Assumed geometry for 
theoretical consideration. 


Ds, however, is due to Na, the number of 
photons with wave length between À and 
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Vy = 


= 4.98 X IORA photons em.^*sec.^! 


where Ex is energy flux per roentgen for 
wave length A and 7X is measured in ång- 
stroms. Now some of M will be scattered 
through 9c? and the number of these pass- 
ing through each square centimeter at 40 
cm, distance is: 


i 
M e dp, 
dQ (40 + yy 
where 
dV = 1 HE dxe dy. 


ze is the number of electrons per gram tor 
water phantom and w’ is the linear absorp- 
tion coefficient for scattered radiation. 

dø; dQ is the differential. Klein-Nishina 
cross-section? for the number of photons 
scattered through 9o? per unit solid angle 
per electron. 


“ Number of photons of wave length à 
scattered through go° and reaching S is Na 
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` dQ (40 + djs 





e dx dy photons em? sec. 


where the primes refer to scattered radia- 
tion. 


z Dose rate at € 
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y 
On substituting the appropriate values, this 
last equation reduces to: 

de À Ex 15 rts. 
dà X Ey nuJo (40 y? 
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since zodo/dQ is constant for a given 
wave length and angle of scatter. The re- 
maining integral may be solved graphically. 
Calling this integral X, its value, found by 
graphical integration for various values of 
u', is given in Table 1. 

Now let us use the above expression to 
calculate the spectrum (and dmount) of 
scattered radiation from a phantom irradi- 
ated by 250 kv. (half value layer 2.6 mm. 
Cu) roentgen rays. The specttum of the 
primary radiation as determined by Green- 
ing's method* is shown in Figure 9. 

The values of Sy versus N found by the 
calculation outlined above are also shown 
on Figure 9 with a dotted curve. Taking 
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Fic. 9. Calculated primary and scattered spectra 
for 250 kv. roentgen rays. 


values from this graph, we may calculate 
the penetration through Cu filters of 0.5 
mm., 1.0 mm., and 1.5 mm. thicknesses, 
respectively. These spectra lead to a calcu- 
lated half value layer for the scattered 
radiation of 1.5 mm. Cu. Experimentally, 
the half value layer was found to be 1.2 
mm. Cu. By experiment, the scattered dose 
rate at 40 cm. to one side of the field was 
0.33 per cent of incident air dose, whereas 
the above calculation gives a figure of 0.16 
per cent. The above calculations were re- 
peated with two other spectra, and the 
results are summarized in Table zr. 

The primary and secondary spectra for 
these two additional half value layers are 
shown in Figures 10 and 11, respectively. 


CONCLUSION t 


The results of our simple single scattering 
theory are seen to be quite sufficient to 
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Primary Beam 





90? Scattered Radiation 





Half value layer 





Dose rate (per cent of primary) 








kv. Half value layer 

Experimental Calculated Experimental Calculated 
250 2.6 mm. Cu 1.2 mm. Cu 1.5 mm. Cu 0.33 0.16 
200 1.0 mm. Cu* 0.57 mm. Cu 0.65 mm. Cu 0.32 0.17 
100 o.8 mm. Al 4.0 mm. Alt 2.7 mm. Al o.ost 0.046 





* 16 per cent characteristic radiation. 


T This value was obtained with an intervening water shell 8 cm. thick and with a focal skin distance of 20 cm. 
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Wave length (Angstroms) 


. Calculated primary and scattered spectra 
for 200 kv. peak roentgen rays. 


explain the large differences in wave length 
of the primary and scattered radiation. 
Quzntitativelv, however, single scattering 
would appear to account for only about 
one-haif of the total quantity of radiation 
which is scattered to a point to one side of 
the beam. 


SUMMARY 


‘The first part of this paper describes an 
experiment to measure the quantitv and 
quality of radiation scattered through 9o? 
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Fic. 11. Calculated primary and scattered spectra 
for 100 kv. peak roentgen ravs. 


Stray Radiaticn 


157 


from a water phantom, which was irradi- 
ated by incident radiation whose quality 
was varied from 0.3; mm. Cu to 3.4 mm. 
Cu. The shielding effects of a water shell 
between the edge of the beam and the edge 
of the phantom were investigated as well as 
the variation in scattered dose rate with 
field size and distance from the scattering 
material. 

In che second part of the paper the quan- 
tity and quality of scattered radiation are 
calculated on the basis of single scattering 
only end the results of these calculations are 
compared with the experimental results 
obtained in the first part. 


Manitoba Cancer Treatment 
and Research Foundation 

700 Bennatyne Avenue 

Winnipeg 3, Manitoba 
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ROENTGEN REGRESSION IN AXOLOTL 
(SIREDON MEXICANUM)* 


By V. V. BRUNST, D.Sc. 


BUFFALO, 


HIS study is a review of all data con- 
cerning the phenomenon of regression, 
resorption, or reduction, which was ob- 
served after local irradiation of voung or 
adult axolotl in our various investigations. 
This phenomenon was first reported more 
than twenty vears ago**? and in the fol- 
lowing years some new observations were 
made concerning this problem. In 1950 the 
reduction of connective tissue and pigment 
cells during the primary acute reaction in 
irradiated tail of voung axolotl was de- 
scribed; in 1952, the resorption of teeth in 
young axolotl;* in 1954, the reduction of 
pigment cells in the irradiated anterior por- 
tion of the head of young axolotl; in 
1958, the resorption of the lens in the eve of 
young axolotl; and in 1959, the resorption 
of teeth in adult axolotl. All these data 
are summarized in this paper along with 
some previously unpublished data. 
Primarily, this paper reports an investi- 
gation of the most typical phenomena in 
the reaction of limb regenerates of adult 
axolotl to irradiation. This study is a 
repetition of earlier work and was done to 
verify our earlier conclusions concerning 
the resorption process. 


MATERIALS AND METHODS 


Forty-four adult axolotls, four to five 
vears old, of different strains were used. 
'The hind limbs of all animals were ampu- 
tated in the femoral region. At the time 
of irradiation, 79 days later, the regen- 
erated limbs were g-12 mm. long and 
possessed 4 toes. The right hind limb re- 
generates of 22 animals were irradiated 
locally with 4,000 r and those of 12 animals 
with 6,000 r; the left hind limb regenerates 
served as nonirradiated controls. Ten ani- 
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mals served as additional untreated con- 
trols. 

The irradiation was carried out at Ico 
kv., 30 ma, 1 mm. Al filter, beryllium 
window tube, half-value laver of 2.0 mm. 
A], intensity of 410 r/min. in air, and a tar- 
get object distance of 18 cm. Before ir- 
radiation the animals were anesthetized 
with a weak aqueous solution of tricaine 
methanesulfonate (M.S. 222) and then 
held in a coiled position bv an elastic band- 
age so that only the right hind limb was 
free. The right hind limbs of 4 animals 
were irradiated simultaneously. The bodies 
of the animals were shielded with a 4 mm. 
lead sheet having a radiation localizer 6.5 
cm. in diameter.’ Immediately after treat- 
ment, the animals were put into water, 
where they recovered from the anesthesia. 
For histologic study, the limbs were fixed 
in acetic mercuric chloride formalin 
(Stieve). The material was embedded in 
paraffin with s per cent beeswax and sec- 
tioned at 8-10 microns. The sections were 
stained with Ehrlich’s hematoxylin and 
eosin, and photomicrographs were taken of 
different areas at various magnifications. 


THE NORMAL PROCESS OF 
REGENERATION 


Among the Amphibia, the Urodela 
(newts, axolotls, salamanders, etc.) are 
able to restore limbs, tail, and parts of the 
head following injury or amputation. As 
soon as bleeding stops, the healing process 
begins. The initial epidermal healing of the 
wound is accomplished by a migration of 
epidermal cells or by migration of the 
epidermal layer from adjacent regions. 
This occurs without extensive mitotic 
activity (Korschelt, 1927). The healing of 


* From the Laboratory of Radiobiology, Roswell Park Memorial Institute, Buffalo, New York. This work was supported by grant 


No. C-2gia (C2) of the United States Public Health Service. 
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the wound is a separate process which is 
not related to the regenerative ability. In 
animals which possess the ability to regen- 
erare, itis manifest only after the wound is 
completely healed. Regeneration begins 
only ureter suitable conditions; it cannot 
begin, ær example, in the absence of a 
freshly sealed wound. 

The process of regeneration starts with 
resorption of the damaged tissue at the site 
of ampetation. The giant wandering cells 
phagocstize all distal portions of the tis- 
sues, al damaged cells, dead blood cells, 
etc. Im nediately thereafter, in the distal 
portion of the amputated limb, accumu- 
lated mesenchymal cells begin to divide 
rapidly, forming the anlage of the new 
regenerzre, the regeneration blastema 
(Kerschelt, 1927). After the regeneration 
blastema is formed, a period of more rapid 
regeneration with progressing tissue differ- 
entiation is observed. Usually, within two 
or three months after amputation, a full- 
sized lirsb with s digits is formed in adult 
newts (Triton eristatus) and in adult axo- 
lotls (8 redon mexicanum). Regeneration 
is a rap] morphogenetic process and the 
missing organ may be restored in one- 
fourth cr one-fifth of the time required for 
normal ontogenetic development. 





RESULTS OF MICROSCOPIC INVESTIGATION 
OF SISSUES OF LIMB REGENERATES 
UNDERGOING REDUCTION 


* Thirt.-three hind limb regenerates were 
studied histologically. Twenty had been 
irradiated with 4,000 r and 13 with 6,000 r. 
All conziusions concerning tissue damage 
and percentage frequency of tissue damage 
were derived from this material. 

SKIJ EPITHELIUM AND SUBCUTANEOUS 

PIGMENT LAYER 

In geseral, changes in the skin epithe- 

lium are important for an evaluation of the 
irradiat an effect.” During regression of the 
limb, the skin epithelium appeared greatly 
reduced. The surface area of epithelium of 
regener: tes with 4 toes was many times 
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greater before reduction than the corre- 
sponding surface area of the small rem- 
nants of regenerates without toes which re- 
mained after reduction. Gradual reduction 
of the skin epithelium without the forma- 
tion of open wounds was typical. The rea- 
son for this reduction remains obscure. 

The appearance of the skin epithelium 
depended upon the interval between ir- 
radiation and fixation. With early fixation 
(45-80 days after irradiation) epithelial 
damage was evident in 70 per cent of the 
animals irradiated with 4,000 r and in 80 
per cent of those irradiated with 6,000 r. 
Typical epithelial damage was the forma- 
tion of giant cell degenerating epithelium, 
usually observed during the primary acute 
reaction. **!? A comparison of such epi- 
thelium (Fig. 1, 5 and 4) with the normal 
epithelium of control animals (Fig. 2) 
showed that in irradiated epithelium the 
cells and nuclei were two or three times 
larger. Abnormal epithelium ir. some cases 
had irregular outer and inner surfaces and 
some of the epithelial giant cells were iso- 
lated from the epithelium and had pene- 
trated into subepithelial loose connective 
tissue (Fig. 1). The number of cell lavers 
was reduced in most cases. As a result, only 
one laver of giant cells (Fig. 3 and 39) or 
occasionally two layers of cells (Fig. 5) were 
seen. In comparatively rare cases, in spite 
of the giant size of the cells, the number of 
cell layers was almost normal (Fig. 4). 

In 12 per cent of animals, fixed 124-126 
days after irradiation, typical giant cell 
epithelium was observed (Fig. 1). In all 
other animals fixed at this time, the epithe- 
lium appeared normal and was indistin- 
guishable from that of controls (Fig. 30, 3: 
and 37). This condition corresponded to the 
secondary stable state.?/!5 

Our earlier opinion that epithelial reduc- 
tion occurs as a result of the activity of 
giant macrophages, which produce the 
lvtic enzymes in immediate proximity to 
the epithelial cells, is not confirmed by the 
present investigation. In spite of active de- 
generation of the epithelial cells, macro- 
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phages were rarely found in their immedi- 
ate proximity. Giant cells, similar to 
macrophages, were sometimes noted near 
the lower layer of epithelium (Fig. 15), but 
we consider these cells to be modified giant 
epithelial cells, distinguishable from the 
typical macrophage (Fig. 14). Macro- 
phages, on the contrary, were found near 
completely normal epithelium. Reduction 
of epithelium did not appear to depend 
upon the general process of resorption of 
the limb. 

The number of pigment cells in normal 
skin varies. Separate pigment cells (Fig. 31) 
are sometimes found in either continuous 
subepithelial pigment layer. After irradia- 
tion, pigment cells were damaged in all 
cases; however, the degree of damage 
varied considerably. In rare instances the 
pigment cells disappeared completely (Fig. 
37); in most there were isolated normal 
pigment cells (Fig. 30) and damaged cells 
without processes (globular form) nearby. 
The condition of the pigment cells did not 
depend upon the condition of the adjacent 
tissue. Normal pigment cells were found 
under degenerating giant cell epithelium 
and damaged cells under normal epithe- 
lium. The reaction of the pigment layer to 
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irradiation may, like that of epithelium, 
be independent of the general process of 
limb reduction. 


SKELETON 

I. Resorption of the Skeleton of Adult 
Animal. After irradiation with 4,000 r, re- 
sorption of skeletal cartilage and bone was 
observed in So per cent of the animals with 
early fixation and in 100 per cent of the 
animals fixed 124-126 days later. After ir- 
radiation with 6,000 r, resorption of the 
skeleton was observed in roo per cent of 
the animals at either time. This investiga- 
tion confirmed our previous conclusions*® 
that resorption of the limb skeleton is the 
result of the activity of macrophages. 

In regenerates with four toes, which were 
studied in this investigation, a compara- 
tively thin laver of bone usually covered 
both the proximal and distal portions of 
the cartilaginous skeletal element (Fig. 11). 
Sometimes, however, it covered only the 
proximal portion (Fig. 6) or the distal por- 
tion (Fig. 11). The attack of macrophages 
on the skeletal element always began at 
the surface and often at the distal or 
proximal end. Therefore, in most cases the 
peripheral bone layer was damaged first. 


ken 


° 
Pa 


PLATET. 


Fre. 1. Limb regenerate of axolotl (No. t6) 126 days after local irradiation with 4,000 r, showing abnorma 
skin epithelium. G-—giant epithelium cells; P—pigment cells. Photomicrograph X soo. 
Fic. 2. Limb regenerate of a control animal. E— normal epithelium cells; P—pigment cells. Photomicrograph 


X 500. 


Fic. 3. Limb regenerate of axolotl (No. 17) 63 days after local irradiation with 4,000 r, showing abnorma 
skin epithelium. G—giant epithelium cells; P»-pigment cells. Photomicrograph X soo. 

Fic. 4. Limb regenerate of axolotl (No. 27) 63 days after local irradiation with 4,000 r, showing abnorma 

-giant epithelium cells; V- 


skin epithelium of great thickness. G 
Photomicrograph X soo. 


vacuoles in protoplasm of epithelial ceils. 





Fic. s. Limb regenerate of axolotl (No. 12) 64 days after local irradiation with 4,000 r, showing abnorma 
epithelium consisting of only two layers of cells. Flower layer of giant cells; F—exterior layer of flat ceils; 
P—pigment cell. Photomicrograph X soo. 
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The degree of damage depended on the 
number and size of macrophages accumu- 
lated in any particular area, In some cases, 
many macrophages were crowded in one 
place and the bone layer was completely 
destroyed on one side, but hardly damaged 
on the other (Fig. 6 and 7). In exceptional 
cases the bone layer disappeared com- 
pletely in the early stages of skeletal re- 
sorption. Wherever there was bone or carti- 
lage damage, macrophages were located in 
close proximity to the bone surface (Fig. 7 
and 8). The cavities and holes in the bone 
or cartilage resulted from the action of 
lytic enzymes secreted by macrophages 
(Fig. 6 and 9). In some cases the exterior 
bone layer was only partially damaged. 
After a hole was formed in the bone layer, 
macrophages were able to penetrate into 
the cartilage. In such cases the bone layer 
temporarily remained almost intact, hav- 
ing only a few small cavities (Fig. 10), 
while almost all the cartilage within was 
dissolved. Apparently, the intercellular 
substance of cartilage was rapidly dissolved 
by macrophage enzymes. As a result, in 
some cases (Fig. 10) most of this substance 
disappeared, leaving isolated cartilage cells 
with large macrophages between them. 
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Through phagocytosis, apparently, en- 
gulfed cartilage cells appeared within the 
macrophages as inclusions (Fig. 10). In 
some cases the distal skeletal elements were 
normal (Fig. 12), while the more proximal 
elements were undergoing reduction (Fig. 
13). In the early stages of reduction, only a 
few macrophages were attached to the sur- 
face of the cartilage element, which was 
practically undamaged (Fig. 6). The ap- 
pearance of skeletal cartilage undergoing 
reduction (Fig. 10 and 13) was in great con- 
trast to that of the normal cartilage of a 
control animal or the undamaged cartilage 
of the same animal (Fig. 11 and 12). In 
cartilage undergoing reduction, the num- 
ber of cartilage cells was greatly decreased 
(Fig. 13 and 20). Probably most of these 
cells were phagocytized by macrophages, 
since macrophages were typically present 
in close contact with the cartilage and 
penetrating into it (Fig. 13 and 20). The 
marcophages varied in size and activity. 
Giant macrophages were comparatively 
rare and never penetrated deeply into the 
cartilage element. These macrophages and 
those of medium size were the most active 
phagocytes. The smallest macrophages, 
only three or four times larger than carti- 
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Fia. 6. Limb regenerate of-axolotl (No. 27) 63 days after local irradiation with 4,000 r, showing the beginning 
of reduction of the skeletal element. B—proximal layer of bone damaged in several places by macrophages; 
CR—cartilaginous tissue of skeletal element; CT—loose connective tissue; E—skin epithelium; M—macro- 
phages, which have dissolved the bone layer and are starting to penetrate into cartilage. Photomicro- 


graph X150. 


Fic. 7. Part of the section through the limb regenerate of axolotl (No. 28) 126 days after local irradiation 
with 4,000 r. CR—cartilage; M—macrophages. Photomicrograph X 500. 
Fic. 8. Limb regenerate of axolotl (No. 27) 63 days after local irradiation with 4,000 r. CR—cartilage; ` 


M—macrophages. Photomicrograph X 500. 


Fre. 9, Limb regenerate of axolotl (No. 28) 126 days after local irradiation with 4,000 r. C—cavity formed 
in cartilage by macrophages; CT—connective tissue cells; M—macrophages. Photomicrograph X Soo. 
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lage cells, penetrated deeply into the carti- 
lage substance. They actively dissolved 
cartilage, because they were always located 
in the empty spaces formed in the skeletal 
element (Fig. 18). In other cases, small 
cavities were connected and transformed 
into one large cavity occupying almost the 
whole cartilage element (Fig. 13). Such 
spaces were never seen in normal cartilage 
tissue (Fig. 12 and 19). In some cases a few 
large macrophages penetrated into the car- 
tilage, but they were almost inactive, be- 
cause the cartilage was not dissolved and 
typical cavities were not found (Fig. 16 and 
17). Resorption was not continuous in all 
cases; however, the cause of its interrup- 
tion is not known. When resorption was 
complete, all macrophages disappeared. 
II. Resorption of the Skeleton of Young 
Animals. In recent experiments (Brunst— 
unpublished), the posterior portions of the 
body of young axolotls were irradiated with 
1,000 r $0 days after hatching. About two 
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months later thé tails and hind limbs of 
most animals were distinctly reduced. 
Histologic investigation of an animal fixed 
130 days after irradiation showed clearly 
the destructive activity of macrophages in 
the tail undergoing reduction. Many of 
these giant cells were in close contact with 
various bone portions of the vertebrae 
(Fig. 22). 

Under higher magnification, macro- 
phages were seen penetrating the bone 
(Fig. 21, 24 and 25) and attached to the 
bone surface (Fig. 23). The bone substance 
was dissolved and a large cavity had formed 
in the bone (Fig. 21, 24 and 25), apparently 
as a result of the activity of lytic enzymes 
produced by the macrophages. The shape 
of the bone cavity often corresponded to 
that of the macrophages (Fig. 21 and 25), 
suggesting that such a cavity was formed 
under the influence of macrophage proc- 
esses which produced the lytic enzyme. 
Many protoplasmic inclusions, either 
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Fic. 10. Limb regenerate of axolotl (No. 27) 63 days after local irradiation with 4,000 r. B—exterior bone 
layer partially damaged by macrophages; C—cavity in bone layer, formed as a result of macrophage activity; 
CI—isolated cartilaginous nuclei left after both intercellular and intracellular substance have been dis- 
solved; CR—cartilage, almost normal in appearance; H—hole in bone layer; M—macrophages. Photomicro- 


graph X150. 


Fia. 11. Limb regenerate of a control animal. B—normal exterior bone layer; CR—normal cartilage. Photo- 


micrograph X150. 


Fic. 12. Limb regenerate of doa (No. 13) 126 days after local irradiation with 4,000 r, showing distal 
portion of skeleton which appears normal. B—border between skeletal elements; CR—cartilage. Photo- 


micrograph X150. 


Fic. 13. Limb regenerate of the same axolotl (No. 13) shown in Figure 12. This shows a more proximal 
portion of skeleton, which is greatly damaged. C-—cavities in cartilage; Cl—isolated cartilaginous cells; 
CR—cartilage which appears normal; M—-macrophages. Photomicrograph X 100. 

Fic. 14. Limb regenerate of axolotl (No. 13) 126 days after local irradiation with 4,000 r. M—giant macro- 
phage in loose connective tissue; P—pigment cell. Photomicrograph X 5oo. 

Fre. 15. Limb regenerate of axolotl (No. 17) 63 days after local irradiation with 4,000 r. E—giant epithelial 
cell from the lower layer of epithelium, resembling a giant macrophage. Photomicrograph X 500. 
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phagocytized connective tissue or carti- 
laginous cells, were found in these giant 
cells. 

BLOOD VESSELS 


Blood vessel damage was observed in 
70—75 per cent of the animals that were ir- 
radiated with 4,000 r and in all animals 
irradiated with 6,000 r. 


Early damage consisted of an increased . 


number of small capillaries and vessels and 
an abnormal dilatation of the vessels. Ad- 
vanced damage was characterized by the 
disappearance of the blood vessel walls 
with the formation of large sinuses, often 
immediately under skin epithelium. 

Figure 29 shows a normal blood vessel; 
the endothelial cells are clearly seen. Dur- 
ing the process of reduction, the distal por- 
tions of blood vessels gradually disappeared 
and, therefore, large blood vessels near the 
distal end of the limb were transformed 
into sinuses (Fig. 26). Many blood cells 
were observed in the connective tissue and 
an abnormally great accumulation of these 
cells was often seen in sinuses between the 
cartilaginous skeleton and epithelium (Fig. 
27). The complete absence of endothelial 
cells was evident under higher magnifica- 
tion, in great contrast to the appearance of 
normal blood vessels (Fig. 28 and 29). 
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LOOSE CONNECTIVE TISSUE AND MUSCLES 


Macrophages of various sizes were al- 
most always found in the loose connective 
tissue, which has an important role in their 
distribution and spread. Through the con- 
nective tissue they can penetrate into the 
bone, cartilage, muscles, and other tissues 
and structures. 

Some macrophages in loose connective 
tissue were small, being only twice as large 
as the connective tissue cells (Fig. 37). 
Others were three times as large as the con- 
nective tissue cells (Fig. 30, 31, 32 and 33), 
and in some places were accumulated in 
great numbers (Fig. 32). The largest macro- 
phages, four to six times larger than con- 
nective tissue cells (Fig. 14 and 38), were 
found comparatively rarely and usually 
one or two such cells were isolated from the 
other macrophages. 

During reduction, the amount of loose 
connective tissue and the number of con- 
nective tissue cells decreased greatly and 
was probably related to the activity of 
macrophages. 

In some cases giant fibroblasts were 
noted (Fig. 44). Their appearance after 
total body irradiation with 6,000 r has al- 
ready been described.? Apparently these 
cells were formed as a result of tissue reac- 
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Fic, 16. Limb regenerate of axolotl (No. 21) 63 days after local irradiation with 4,000 r. CR—cartilage cell; 
M-—inactive macrophage in the cartilage. Photomicrograph X soo. 

Fic. 17. Limb regenerate of a control animal. Normal cartilage. Photomicrograph X 500. 

Fio. 18. Limb regenerate of axolotl (No. 28) 126 days after local irradiation with 4,000 r. C—cavity in cartilage; 
CI—isolated cartilaginous cells; M—macrophages. Photomicrograph X 500. 

Fie. 19. Limb regenerate of control animal. Normal cartilage. Photomicrograph X150. 

Fic. 20. Limb regenerate of axolotl (No. 7) 63 days after local irradiation with 4,000 r. C—cavity in cartilage; 
CR—cartilage cells; M—macrophage. Photomicrograph X150. 
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tion to irradiation and were not related to 
the phenomenon of reduction. 

Damage and disappearance of muscles 
were observed in 67 per cent of the animals 
fixed 63-65 days after irradiation with 
4,000 r, and in all the animals irradiated 
. with 6,000 r. In the process of reduction, 
compact muscle bundles (Fig. 34 and 41) 
were transformed into isolated small thin 
muscle bundles or even isolated muscle 
fibrils and separated nuclei. The appear- 
ance of muscle tissue undergoing reduction 
(Fig. 36) was in great contrast to normal 
muscle tissue (Fig. 34). Only separate, ir- 
regularly oriented, isolated muscle bundles 
and nuclei were seen. Between them macro- 
phages were found. During more advanced 
reduction of this tissue (Fig. 35), only iso- 
lated muscle nuclei and remnants of 
muscle bundles, along with a great number 
of giant macrophages and many connective 
tissue cells, were found (Fig. 35 and 40). 
When muscle resorption was complete, the 
number of macrophages in that area also 
decreased. 

The disappearance of muscles appeared 
to be related to the activity of macrophages 
and was probably the result of lytic en- 
zymes secreted by these cells. Although 
actual phagocytosis was not observed, it is 
possible that muscle nuclei can be en- 
gulfed by macrophages. Inclusions found 
in the protoplasm of some macrophages ap- 
peared to be engulfed muscle nuclei (Fig. 


40). 
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THE TEETH 


The resorption of teeth of young axolotls 
irradiated with 2,000 r or 4,000 r 20 days 
after hatching and with 3,000 r 60 days 
after hatching has been described. The 
teeth disappeared quickly. Forty-three 
days after irradiation, only small remnants 
of teeth were found, and within 1o days, 
even the remnants had completely dis- 
appeared. Some observations showed that 
macrophages play an active part in the de- 
struction of the teeth in young animals. 

The resorption of teeth of adult axolotls 
irradiated with 6,000 r has been described 
by us.'4 The teeth began to disappear about 
so days after irradiation and disappearance 
was usually complete within another 10 to 
15 days. This process was the result of the 
activity of the macrophages. À new genera- 
tion of teeth, much smaller and irregular in 
shape and position, then began to form. 
About 150 days after irradiation, almost all 
of these second generation teeth had dis- 
appeared, again as a result of the activity 
of the macrophages. Under the roots of some 
of the teeth, the macrophages were clearly 
seen (Fig. 42 and 43). 


THE LENS 


The resorption of lens 40-80 days after 
irradiation of the head of voung axolotl 
with 3,000-6,000 r has also been de- 
scribed. Serious damage was observed in 
29 per cent of all irradiated animals. Dis- 
solution of the lens fibers progressed gradu* 





PLATE v. 


Fic. 21-25. Portions of longitudinal sections through the tail of young axolotl (No. P-39) 209 days after 
local irradiation with 1,000 r. B—bone; C—cavity in the bone; E—skin epithelium; M—giant macrophages; 
V—vertebral body. Photomicrographs X35 (Fie. 22), X500 (Fre. 21, 23, 24, and 25). 
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ally and in most cases only remnants of the 
lens were found. The lens membrane, form- 
ing many small folds, was the most resistant 
structure. In some cases, macrophages 
were found in the body of the seriously 
damaged lens. Apparently, they partially 
phagocytized and partially dissolved the 
lens fibers, resulting in destruction of the 
lens. 


DISCUSSION 


The resorption process is the result of 
the reaction of the nonirradiated body to 
the irradiated limb. The most typical 
phenomenon in the tissue undergoing re- 
sorption is the presence of macrophages. 

Resorption after roentgen irradiation is 
the result of the activity of the macro- 
phages. The disappearance of the skeleton 
is the main factor in reduction; soft tissues 
without skeletal support contract and are 
destroyed more easily by macrophages. 
Blood vessel damage is probably also an 
important factor. During advanced reduc- 
tion all distal capillaries and small blood 
vessels are destroyed. As a result, many of 
the large distal blood vessels are trans- 
formed into peripheral sinuses. Resorption 
apparently occurs in the presence of an ab- 
normal blood supply, which may create 
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conditions favorable for its advance. An 
abnormal blood supplv favors the trans- 
portation of macrophages into the limb 
undergoing resorption and, through forma- 
tion of large sinuses directly under the 
skin, favors the reduction of skin epithe- 
lium. 

The resorption which results from macro- 
phage activity may be the specific reaction 
of amphibians to local irradiation. Reduc- 
tion or resorption is observed during nor- 
mal development in certain amphibians. 
The resorption of tails at the time of meta- 
morphosis of Anura tadpoles is a classic ex- 
ample of such reduction. But resorption in 
some degree is observed also in Urodella, 
i.e., the disappearance of the gills and the 
transformation of the tail during meta- 
morphosis, when the axolotl is transformed 
into the adult form, Amblvstoma. Batail- 
lon? Duesberg," Aleshin, and others 
showed that resorption of the tadpole's 
tall occurs by means of phagocytosis and 
histolvsis. Aleshin' found large aggrega- 
tions of macrophages in the tail of the 
metamorphosing tadpole and showed that 
resorption of the tail begins and progresses 
the same as typical inflammation. 

Butler!?'* observed resorption of the 
cartilaginous skeleton of irradiated regen- 
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Fig. 27. Limb regenerate of axolotl (No. 20) 62 days after local irradiation with 4,000 r. Bl accumulation 
of blood corpuscles insinusunderskin epithelium (E). Blood vessel walls are absent. Photomicrograph X 1 £o. 

Fic. 28. The same specimen as that in Figure 27, under higher magnification. Photomicrograph X soo. 

Fic. 29. The same specimen as that in Figures 27 and 28, showing norma! endothelial cells (EN) of the 
blood vessel (BV) from a more proximal region of the limb. P—pigment cell. Photomicrograph X soo. 
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eration buds in larval stages of Ambly- 
stoma punctatum. This disintegration of 
the cartilaginous skeleton proceeds in a 
proximal direction. Puckett?^? also ob- 
served resorption of tissues after irradia- 
tion of Amblystoma larvae. Puckett de- 
scribed "giant" cells which were observed 
during resorption, but did not ascribe any 
particular significance to them. In spite of 
the fact that these authors give a com- 
pletely different interpretation of their 
findings and suggest a hypothesis of exces- 
sive differentiation, they undoubtedly ob- 
served the same phenomenon of roentgen 
regression. 

The process of reduction in amphibians 
is not caused by roentgen treatment alone. 
For example, regenerating limbs in triton 
are resorbed following destruction of their 
innervation.^? Also, the denervated non- 
regenerating limbs of Amblystoma puncta- 
tum, Amblystoma opacum, and Triturus 
viridescens are resorbed.!5. 

We conclude that regression or resorp- 
tion is the specific reaction of amphibians 
to roentgen radiation or certain other fac- 
tors and is related to the ability of these 
animals to undergo transformation during 
metamorphosis. 
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SUMMARY 

1. Reduction was observed in go per 
cent of the regenerated limbs of adult 
axolotls irradiated with 4,000 r, and in 102 
per cent of those irradiated with 6,000 r. 


Reduction begins in the distal end and 


progresses proximally. The skin epithelium 
is gradually reduced in area without the 
formation of open wounds. 

2. Histologic investigation showed that 
the conditions of the skin epithelium de- 
pended upon the interval between irradia- 
tion and fixation. In most cases, early fixa- 
tion (40-80 days after irradiation) re- 
vealed epithelial damage, ;.e., formation of 
giant cell degenerating epithelium, while 
late fixation (100-128 days after irradia- 
tion) revealed normal epithelium. The con- 
dition of the epithelium is the result of a 
specific reaction of this tissue and is inde- 
pendent of the reduction of the limb in gen-. 
eral. The mechanism of the epithelium re- 
duction is obscure, but it is independent of 
macrophage activity. A hypothetical ex- 
planation is given. Damage of the subcu- 
taneous pigment layer or separate pigment 
cells was observed in all cases, but the con- 
dition of these cells varied greatly in differ- 
ent areas of the limb. 





PLATE VIL 


Fie. 30. Limb regenerate of axolotl (No. 16) 126 days after local irradiation with 4,000 r. E—skir epithelium, 
normal in appearance; M—macrophages in loose connective tissue; P—pigment cell. Photomicrograph X 1«o. 
Fic. 31. Limb regenerate of the same animal as that in Figure 30, showing a more proximal, probably non- 
irradiated, region. CT— cells of loose connective tissue; E—epithelium, normal in appearance; P—pigment 


cell: Photomicrograph X 50. 


Fic. 32. Part of the section through the limb regenerate of axolotl (No. 15) 63 days after local irradiation 
with 4,000 r, showing an accumulation of macrophages (M) in loose connective tissue. Photomicro- 


graph X 500. 


Fie. 33. Limb regenerate of the same animal as that in Figure 31. CT—cells of loose connective Bee: 


P—pigment cell. Photomicrograph X 500, 
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3. Resorption of the cartilaginous and 
bony skeleton is a result of macrophage 
activity. The attack of macrophages on the 
skeletal elements always begins at the sur- 
face. Bone and cartilage are dissolved as a 
result of the action of lytic enzymes 
secreted by macrophages which are located 
near the skeletal surface. Comparatively 
small macrophages penetrate deeply into 
the cartilaginous substance and dissolve 
the cartilage, forming many empty spaces 
in various areas. Such spaces are never 
observed in normal cartilage. 

4. During advanced reduction all distal 
capillaries and small blood vessels dis- 
appear and in many cases the large blood 
vessels in the distal regions are transformed 
into peripheral sinuses. Resorption occurs 
in the presence of abnormal blood supply. 

5. The loose connective tissue has an 
important role in the distribution and 
spread of macrophages. Through this 
tissue the macrophages can penetrate into 
the bone, cartilage, and other tissues. Dur- 
ing the resorption, the amount of connec- 
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tive tissue 1s decreased greatly, probably 
as a result of macrophage activity. 

6. During reduction, compact muscle 
bundles are reduced to isolated small, thin 
bundles or even isolated, irregularly 
oriented fibrils and isolated nuclei. Macro- 
phages are found between them. Resorp- 
tion of muscles is a result of macrophage 
activity. 

7. Resorption of teeth of young and 
adult axolotls, once it has begun, is com- 
pleted quickly within 10-15 days and is the 
result of macrophage activity. 

8. Resorption of the lens of the young 
axolotl after irradiation of the head is the 
result of macrophage activity. 

g. Regression, reduction, or resorption 
is the result of reaction of the nonirradiated 
body to the irradiated portion, and is the 
direct result of macrophage activity. 

io. Resorption is a specific reaction of 
amphibians and is observed during normal 
development at the time of metamorphosis. 

11. Resorption can be provoked by 
roentgen rays or other factors. This re- 
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Fic. 34. Limb regenerate of a control animal, showing normal muscle tissue. N—nuclei. Photomicrograph 


X150. 


Fic. 35. Limb regenerate of axolotl (No. 28) 126 days after local irradiation with 4,000 r, showing reduction 
of muscle tissue. M—giant macrophages; MS—muscle nuclei. Photomicrograph X150. 

Fie. 35. Part of the section through the limb regenerate of axolotl (No. 13) 126 days after local irradiation 
with 4,000 r, showing early stage of muscle reduction. M—macrophages; MS— muscle nuclei. Photomicro- 


graph X150. 


Fio. 37. Limb regenerate of axolotl (No. 28) 126 days after local irradiation with 4,000 r. CT—connective 
tissue cells; E—skin epithelium; M—macrophage; MS—muscle nuclei. Photomicrograph X150. 
Fie, 38. Limb regenerate of axolotl (No. 13) 126 days after irradiation with 4,000 r, showing giant macro- 


phages. Photomicrograph X soo. 


Fic. 39. Limb regenerate of axolotl (No. 17) 63 days after irradiation with 4,000 r. E—giant cell abnormal 
skin epithelium, consisting of one layer of cells. Photomicrograph X150. 
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sponse is related to the ability of these ani- — 5. Brunst, V. V. On process of reduction of x- 
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Fic. 40. Limb regenerate of axolotl (No. 28) 126 days after local irradiation with 4,000 r. CT—connective 
tissue cells; M—giant macrophages; MS—remnants of muscle fibers. Photomicrograph X 500. 

Fic. 41. Limb regenerate of coftrol animal. Normal muscle tissue. N— nuclei. Photomicrograph x 500. 

Fic. 42. Sagittal section through the jaw of an adult axolotl (No. 17) 144 days after irradiation with 6,000 r. 
E—oral epithelium; M—macrophages; T—tooth. Photomicrograph X150. (Reproduced with permission 
from the Journal of Dental Research, 1959, 38, 301.) 

Fic. 43. The same section as that in Figure 42 under higher magnification. Photomicrograph X soo. (Re- 
produced with permission from the Journal of Dental Research, 1959, 38, 301.) 

Fic. 44. Limb regenerate of axolotl (No. 17) 63 days after irradiation with 4,000 r. A—abnormal connective 
tissue cells; MS—muscle fiber. Photomicrograph X soo, 
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THE RESPONSE OF SWINE AFTER EXPOSURE TO 
THE GAMMA-NEUTRON FLUX OF A 
NUCLEAR DETONATION* 


By KENT T. WOODWARD, GERALD M. McDONNEL,t PAYNE S. HARRIS, 
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LTHOUGH the responses of large mam- 
mals exposed to acute whole-body 
gamma irradiation from a nuclear detona- 
tion, ** from cobalt 60 gamma ravs,"!! 
| mv. peak? and 2 mv. peak" roentgen rays 
have been well documented, the effects of 
mixed gamma and neutron radiations from 
a nuclear detonation have not been re- 
ported. Swine, which have a cross sectional 
diameter similar to that of man, are of par- 
ticular interest as experimental animals 
smce comparable distributions of depth 
doses are obtained. The present study was 
performed during the summer of 1957 
(Operation Plumbbob) at the Nevada Test 
Site to evaluate the responses of swine after 
exposure to a wide range of prompt radia- 
tion doses from a nuclear detonation with 
a gamma-neutron dose ratio of 1.2. The 
range of exposure doses obtained was from 
419 to 2,475 rads, which afforded a unique 
opportunity to compare various levels of 
effect on a population of large mammals. 
Parameters investigated were physical 
signs of illness, acute lethality through 45 
dass, and median survival times. 
METHODS 
The swine were a Hampshire-Landrace 
strain with occasional swine having Duroc 
coloration. They were obtained from a mid- 
west breeder and shipped by double-decked 
truck to the exposure site. The animals 
were free from disease and external para- 
sites and were immunized against hog 
cholera and swine ervsipelas. The animals 






were fed a 14 per cent protein ration and 
had not received antibiotics in their feed 
except at weaning (third week). Water was 
available ad libitum. 

Two hundred and sixty-four animals (47 
per cent male castrates--53 per cent fe- 
males) were selected for uniformity of 
weight (83-11 pounds) and assigned to 
exposure groups by a svstem of random 
numbers. 

The animals were exposed in aluminum 
cylinders (wall thickness + inch) anchored 
to the ground by cables and stout metal 
pegs (Fig. 1). Two pigs were placed in each 
cylinder and 12 animals were exposed at 
each dose level. After exposure the animals 
were checked for external radioactive con- 
tamination and placed in pens, 24 per pen. 
Observations were made at frequent inter- 
vals thereafter. 

Neutron measurements were made in air 
using tareshold detectors of activation foils 
and fission foils.? The foils used and the 
neutron energy ranges measured directly by 
activation or by the difference between 


fission thresholds were: 
Foil Neutron Energy Range 
Sulfur Greater than 2.5 mev. 
Uranium minus sulfur 1.6 mev. to 2.5 mev. 
Neptunium minus uranium — 750 kev, to 1.5 mev. 
Plutonium minus neptunium — 4 kev. to 750 kev. 


Neutron fluxes at all energy bands meas- 
ured decreased exponentially with distance 
from the detonation; however, the propor- 
tion of neutrons in the various energy 
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Vic. 1. Aluminum exposure cylinders for 


ranges was unchanged over the distances at 
which swine were exposed. From the neu- 
tron flux measurements, neutron doses were 
obtained in rads from single collision theory 
using the following conversion values! for 
each neutron energy range of exposure: 


Neutron Energy Flux per 1 rad 
Greater than 2.5 mev. 2.5 X105 n cem? 
1.5 mev. to 2.5 mev. 3.2X 108 n cm’, 
750 kev. to 1.5 mev. 4 X105 n. em? 
4 kev. to 750 kev. IX to? n em? 


The gamma-neutron dose ratio changed 
bv about eight per cent over the range of 
animal exposures due to the shorter mean 
free path of neutrons as compared to gamma 
ravs. The average neutron contribution to 
the total (gamma plus neutron) rad dose 
delivered was: 

Per Cent Neutron Con- 
tribution to Total 

Exposure Dose 


Neutron Energy 


Greater than 2.5 mev. 1o 
1.5 mev. to 2.5 Mev. 8 
750 kev. to 1.5 mev. 13 
4 kev. to 750 kev. 14 


Gamma rav and neutron measurements 
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r swine anchored in place in exposure area. 


were made in wr using chlorinated hydro- 
carbon dosimeter systems. The characteris- 
tics of the gamma sensitive (hexvlresorcinol 
stabilized, tetrachloroethvlene) and gamma 
plus neutron sensitive. (trichloroethylene 
overlaved with a water soluble indicator) 
chemical dosimeters have been reported in 
detail." The dosimeter vials were con- 
tained in lithium lined. aluminum cans 
(Fig. 2) to eliminate thermal neutron re- 
sponse of the system. Acidimetric colore 
changes were determined  spectrophoto- 
metrically and gamma and neutron doses 
are expressed in rads. 


RESULTS 
RADIATION RESPONSES IN SWINE 

At the time of recovery (about one hour) 
one animal (1,160 rad group) was found 
dead as a result of a fractured cervical 
vertebra. The remaining animals appeared 
in good condition and there was no evidence 
that vomiting had occurred in any group. 
A few swine vomited shortly thereafter duv- 
ing the return trip to the pen area. On 
arrival at the pen area all swine appeared 
to eat and drink normally. 


Vor. 8:, Na. 1 
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Fic. 2. Schematic drawing and components 
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The manifestations of acute radiation 
disease in swine showed three rather dis- 
tinct phases after gamma-neutron exposure. 
In general, as the dose was increased, the 
onset of each phase was more rapid and 
signs more pronounced. 

7. Responses Associated with Exposures 
from 1,730 to 2,475 rads. Late on the first 
day after irradiation the swine showed a 
‘ate reduction in volitional activity. 
At the twenty-four hour feeding there was 
little food intake and by thirty-six hours 
intake was nil. All animals in this dose 
range were vomiting within forty-eight 
hours and the frequency and severity in- 








EN; 





creased with time. Extreme polydipsia fol- 
lowed by copious vomiting was common. 
The onset of diarrhea also occurred about 
forty-eight hours after exposure and con- 
sistency rapidly changed from soft stools 
to a copious watery discharge. Although 
polydipsia and vomiting subsided late in 
the third day, diarrhea persisted in most 
swine until death. Irritability and hyper- 
esthesia were evident late in the second 
day and most pronounced on the third day. 
After irritability and hvperesthesia sub- 
sided late in the third day the swine were 
listless and severely ill. Rectal temperatures 
in some swine rose to 106-109°F. In keep- 
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ing with the gaunt appearance of the ani- 
mals was the measured decrease in body 
weight. 

The mode of death varied in this range 
of exposure doses. Many swine died quietly 
in deep coma, whereas others had repeated 
episodes of convulsive activity for several 
hours prior to death. Death occurred in 
106—112 hours. This was similar to the 
stable 3.5 to 4 day or "gastrointestinal" 
death seen in rodents after roentgen- and 
gamma-ray exposures from 1,200 to 10,000 
r. 

2. Responses Associated with Exposures 
from 575 to 1,535 rads. Anorexia and vomit- 
ing occurred later than for the previous 
group and their incidence, severity and 
duration were not marked in the early 
stages. Vomiting became severe later at 
the higher doses, with some swine vomiting 
gross blood. Most of these swine had a 
transient return of appetite between the 
fifth and seventh days post irradiation, 
yet became gaunt and emaciated with a 
rough hair coat prior to death. 

The onset of diarrhea occurred on the 
fourth and fifth days post exposure. In 
many swine bloody stools were noted by 
the end of the first week. Blood clots and 
gross blood were passed with considerable 
straining in some animals, while others 
bled freely while lying down. 

By the seventh day bloody froth and 
bright red blood exuded from the nostrils 
in many swine. The onset of cutaneous 
petechiae and/or purpura was noted from 
the eighth to the twelfth day, appearing 
on the ventral surface of the abdomen or 
the medial surfaces of the appendages. 
These areas developed a livid appearance 
as the hemorrhagic lesions coalesced. A 
similar lividity was seen in the ears in the 
terminal stages of the illness. Frequently 
swine in this group survived three or four 
days after the onset of bleeding. Edema of 
the appendages and rarely of the snout, 
not seen at higher doses, appeared from 
the seventh to the twelfth day. 

Gross and ophthalmoscopic observa- 
tions revealed only extreme congestion of 
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the sclerae throughout the illness. 

3. Responses Associated with Exposures 
from 410 to 515 rads. The syndrome asso- 
ciated with median lethal doses was char- 
acterized by a transient loss of appetite and 
vomiting and diarrhea which occurred 
about the third day. This was followed by a 
period of apparent normal health and con- 
tinued weight gain until the appearance 
of the hemorrhagic syndrome at 8 to 10 
days following exposure. Hemorrhagic signs 
were more pronounced in those animals 
which eventually succumbed, yet which 
lived sufficiently long for manifestations of 
granulocytopenia and thrombocytopenia to 
develop fully. Bleeding from body orifices, 
elevated temperature, and ataxia were 
significantly more frequent in decedents. 
Death usually occurred on the fourteenth 
or fifteenth day and this phase of radiation 
sickness has been described in detail for a 
variety of experimental animals. 


LETHALITY 


Listed in Table 1 are the percentages of 
deaths at 30 days for swine exposed to 
graded doses of gamma rays and neutrons. 
When per cent mortality was plotted 
against dose, a sigmoid response curve was 
obtained. Probit transformation of the data 
using the method described by Finney? 
gave a regression line of the tvpe. 


Y = a + bx 


where Y was the probit of per cent mortal- 
ity and x was log radiation dose in rads. 
Figure 3 shows the relationship of per cent 
mortality for varying doses of gamma plus 
neutron irradiation. Median lethal doses at 
various times after exposure are listed in 
Table 11. The LDso at 45 days was not al- 
tered from the 30 day value by the death 
of the one animal at the forty-second day 


post exposure. 


MEDIAN SURVIVAL TIME 


Median survival time at each dose level 
was determined by plotting probit of per 
cent survival against the logarithm of time 
from exposure. The best line of fit was 








* 


t Not including animal dying on forty-second day. 





800 pepe 1 ppp 4 i t 7 

| 

700l- 7 

| | 

e 600- P d E 
v 500- a d 
& 500: | 
E: i 
ac | | 
Z 400- p 4 
ul | f | 
o i i 
8 300- 3 
| 

200 4 
100- F 

| 

i i 

Oe de dekte sd ceptis el 
t 2 5 IC 20 3040506070 80 90 95 98 99 


PERCENT LETHALITY 


Fic. 3. Thirty-day lethality in swine as a function 
of dose of gamma-neutron irradiation from a nu- 
clear detonation. 
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Tase T 
MORTALITY AND SURVIVAL TIMES OF SWINE AFTER GAMMA-NEUTRON IRRADIATION 
Exposure Lethalizy Median 
Dose ` EARNE Pr, * EI RIEN — — " (per Survival 
(rads) E 4 5 6 7 R g IO It I2 135 14 15 16 17 18 19 20 42 cent) Time (hr.) 
p 110 1 100 106 
4, poH 100 107 
1,9 2 6 4 100 112 
1,730 36.3 100 106 
1,535 $c d 100 125 
1,325 2.7 3 100 134 
1,300 4 £5 2-1 1 100 137 
1,205 Lodo dos T 100 139 
1,160 j* [E ES) 100 143 
1,070 j vp ode ww x3 100 156 
1,030 22 4 2 2 100 147 
955 poe wp qe: 1 100 210 
gts 5.2 4 100 180 
845 3.5 3 1 100 178 
820 Be OS! wae 2 T 100 182} 
760 1-22 Be 2 1 83.3 182 
730 I Qr ce d 2 100 218 
645 TD. 403 Io og 100 233 
S878 ot Qu m rot I 83.3 270 
515 I 1 2 1 i I 58.3 350 
455 1 i rot 33.3 360 
410 LI 16.7 360 


Animal dead on recovery, not included in lethality or survival time results. 


drawn through the data, and the point 
corresponding to a probit 4 or $0 per cent 
survival was taken as the med an survival 
time. Survival times are listed in Table 1. 


DISCUSSION 
sickness in 
of gamma- 


The physical signs of acute 
swine exposed to a wide range 


Tagi H 


MEDIAN LETHAL DOSE AT VARIOUS TIMES 
AFTER EXPOSURE 
Time after Exposure Median Lethal Dose 





(rags) 

5 1.570 (1,439-1, 714) 
ro yn( 652- 764) 
15 56s( g14- 621) 

486( 478- 496) 
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neutron doses from a nuclear detonation 
have been described. Although fission neu- 
trons contributed about 45 per cent of the 
total dose delivered, there was little dif- 
ference in the incidence, severity, and dura- 
tion of acute radiation sickness in swine as 
compared to roentgen or gamma irradia- 
tion. }-10.11,18,14,15 

Podalgia and abnormal gait were ob- 
served as reported in swine after cobalt 60 
irradiation and may be associated with 
hemorrhage into joint spaces as observed 
in this study and as reported elsewhere. 
Ocular lesions reported after low dose rate 
exposures to cobalt 60 gamma rays!? were 
not observed however. 

The LD;, value of 486 rads at 30 days is 
in good agreement with values reported for 
swine and other large mammals after roent- 
gen or gamma irradiation.’ 11318 Consider- 
ing the variations in biologic response and 
differences in exposure factors reflected in 
the LD;yxo values obtained, the differences 
were, indeed, not large. The previously re- 
ported value of 230 r for swine exposed to 
gamma rays from a nuclear device? was 
significantly lower. In the present study 
neither gamma rays nor fission neutrons 
were obtained as discrete radiations. How- 
ever, if an effectiveness of 1 is assigned to 
gamma rays and if the effect of gamma plus 
neutron irradiation is assumed to be addi- 
tive, the relative effectiveness of fission 
neutrons is then about 1.2 (the gamma- 
neutron dose ratio) for the production of 
lethality. 

The survival times of swine were similar 
to those seen in rodents and monkeys 
over the same range of doses; however, 
quantitative differences appeared to exist 
between swine and the other species. The 
median survival time for swine irradiated 
with doses of about the median lethal range 
was 14-15 days as compared to the 10-11 
day death time of rodents. The dose de- 
pendent region of survival response oc- 
curred in swine after doses from 575 to 
1,535 rads. A stable plateau in survival 
time of 4-5 days appeared to have been 
reached for the swine at somewhat higher 
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total doses than for the 33 day gastroin- 
testinal death in rodents and monkeys. 
Since no group of swine had a median 
survival time less than 4-5 days, the thresh- 
old for “central nervous system death" 
was not exceeded and has been reported 
in excess of 2,475 rads.” 


SUMMARY 


I. The responsiveness of 264 swine ex- 
posed to doses from 410 to 2,475 rads of 
gamma-neutron radiation from a nuclear 
dentonation has been described. 

2. The LD value at 30 days was 486 
(478—496) rads. 

3. Median survival times for swine were 
similar to those of other mammalian.spe- 
cies. 

4. The potency of fission neutrons as 
compared to gamma rays from a nuclear 
detonation was estimated to be about 1.2 
for the production of lethality at 3o days 
in swine. 


Kent T. Woodward, Major, MC 
Department of Biophysics 

Division of Nuclear Medicine and Chemistry 
Walter Reed Army Institute of Research 
Washington 12, D. C. 


The success of a radiation effects study of this 
nature, conducted under field conditions, is ob- 
viously contingent upon a variety of circum- 
stances such as weather, source strength, and 
the close cooperation of a rather heterogenous 
group of scientific personnel. In large part these 
results are the efforts of the splendid group of 
noncommissioned officers and enlisted person- 
nel assigned to the project. 
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MULTIPLE MYELOMA AND INTRAVENOUS 
PYELOGRAPHY 


I^ 1933, Bell! advanced the theory that 

the excretion of Bence Jones proteins in 
the urine of patients afflicted with multiple 
myeloma leads to laminated deposits of 
hvaline casts in the renal tubules, exerting 
gradual mechanical obstruction followed by 
glomerular atrophy and chronic progressive 


uremia. Oliver? in 1942, through a series of 
DAS, 5 


morphologic demonstrations, supported this 
“stopped pipes” theory and he has shown 
that the deposition of laminated Bence 
Jones protein casts may occur in the entire 
nephron up to the proximal convoluted 
tubules. This concentric laminated appear- 
ance of the casts, together with the sequen- 
tial changes resulting from the gradual 
obstruction produced by them, is so char- 
acteristic that at autopsy it often permits 
the establishment of a diagnosis of multiple 
myeloma from a study of the kidney alone. 
Consequently, the term of “myeloma kid- 
ney” was coined to express this pathogno- 
monic significance. It must be mentioned, 
however, that paramyloidosis, secondary 
hypogammaglobulinemia and some alter- 
Dative modes of Bence Jones protein dam- 
age may also play a role in producing the 
renal insufficiency. The presence of some 
kidney changes has been observed in 48-90 
per cent of multiple myeloma patients in 
several series reported and uremia was 
found to be, after pneumonia, the most fre- 
quent cause of death. 

Very recently Sanchez and Domz? gave 
an excellent account of the clinical manifes- 


! Bere, E. T. Renal lesions associated with multiple myeloma, 
nf. Path, 1933, 9, 3937426. 

2 Ou ER, J. New directions in renal morphology: method. Its 
and its future, Harvey Lecture (1944-1944), 1945, JO, 









1E2, L. M., and Domz, C. A. Renal patternsin myeloma. 
dun. Tat. Med, 1960, $2, 44754. 


tations which may be attributed to these 
kidney changes. They categorized the renal 
syndromes associated with multiple mve- 
loma into: acute glomerulonephritis, neph- 
rotic syndrome, water-losing nephritis, 
adult Fanconi’s syndrome, renal tubular 
acidosis, acute tubular necrosis, and acute 
and chronic pyelonephritis. The most im- 
portant observation made by Sanchez and 
Domz, however, is the fact that "renal 
disease is a common guise under which 
myeloma may masquerade and elude diag- 
nosis" before other more tangible signs 
become apparent. This elusiveness was also 
noted by Osserman,! who in 2 cases fortui- 
touslv discovered dy sproteinemia during 
the course of study for unrelatec conditions 
and was able to establish the diagnosis of 
multiple myeloma before skeleral changes 
could be demonstrated roentgenographi- 
cally. In one patient, who died with signs of 
hypercalcemia and renal functional i impair- 
ment, both the documented asymptomatic 
and symptomatic periods were extremely 
brief. In the second patient skeletal changes 
developed one year after the discovery of 
the abnormal protein. The difficulty of 
diagnosis in occult multiple myeloma is 
further complicated by the additional facts 
that (a) at times extramedullary involve- 
ment of organs other than the kidney, as 
for example of the lung, pleura, retroperi- 
toneal lymph nodes or testicle, may consti- 
tute the principal feature of the disease and 
(b) a § per cent incidence of the Bence 
Jones POE or dvsproteinemia is ob- 
served in such conditions as malignant 
lymphomas, metastatic. tumors of bone, 
idiopathic hemolytic disease, the “essen- 


* OssRMaN, E. F. Natural history of multiple myeloma be- 
fore radiological evidence of disease. Radiology, pus 7157-174. 
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tial” cryoglobulinemia and very rarely in a 
few other lesions. 

The proper evaluation of myeloma kid- 
ney and associated or related lesions is of 
considerable interest to the radiologist since 
recent evidence is accumulating which 
shows that it is hazardous to perform intra- 
venous pyelography in patients afflicted 
with such lesions. In cases with frank mul- 

tiple myeloma, precise assay of the renal 
involvement is usually not difficult and the 
danger thus can easily be avoided. How- 
ever, in the occult cases and especially in 
those in which the renal disease is not even 
suspected as reflecting the main clinical 
feature of a possible myelomatous process, 
the use of intravenous pyelography may 
prove disastrous. 

Bartels, Brun, Gammeltoft and Gjørup“ 
were the first to make this observation in 
1954. They performed intravenous pyelog- 
raphy in a male, aged sixty-nine, who com- 
plained of fatigue and flank pain; he had 
increased blood urea nitrogen and pro- 
teinuria, but no Bence Jones protein. The 
patient, who was suspected of having mye- 
lomatosis, developed “acute” anuria follow- 
ing the intravenous pyelography and died 
forty days later. At postmortem examina- 
tion casts were found extensively filling the 
tubules. In 1956, Myhre, Brodwall and 
Knutsen? reported 2 similar cases. One 
patient, a male aged seventy, died eleven 
days after intravenous pyelography. The 
other, a male aged forty-two, recovered 
from the acute episode but died in uremia 
eight months later. At postmortem exami- 
nation cast-plugged tubules were the out- 
standing finding. In 1957, Kielmann, Gjgrup 
and Thaysen’ reported the case of a male, 
aged thirty-six, with multiple myeloma, 
who had marked proteinuria with demon- 


$ Bartels, E. D. Bron, G. C, GAMMELTOFT, A, and 
Gjgnur, P. A. Acute anuria following intravenous pyelography 
in patient with myelomatosis. Acta med. scandinav., 1954, 150, 
297-302. 

$ Myung, J. R., BaopwALL, E. K., and Knursen, S. B. Acute 
renal failure following intravenous pyelography in cases of 
myelomatosis. Acta med. scandinav., 1956, $56, 263-266. 

7 KrELMANN, S., Gjørup, S., and Travrser, J. H. Fatal acute 
renal failure following intravenous pyelography in patient with 
multiple myeloma. dete med. seandinav., 1957, 158, 43-46. 
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stration of abnormal proteins. This patient 
went into acute renal failure immediately 
after the intravenous pyelography and died 
nine days later. At postmortem examina- 
tion only a few casts were found in the 
tubules. 

In 1958, Perillie and Conn® analyzed in 
detail the various aspects of the bove men- 
tioned cases and reported an additional 
case of their own. In this case, a male 
thirty-four years old, proteinuria and hy- 
perglobulinemia were present and roent- 
genograms revealed general osteoporosis 
with small multiple osteolytic lesions of the 
vertebral bodies and ribs. Plasma cell 
myeloma was suspected. Intravenous pve- 
lography was performed which showed 
normal excretion of the contrast medium 
and normal structures. Nausea and vomit- 
ing developed on the day after pyelography 
and the subsequent course was one of pro- 
gressive renal failure complicated by recur- 
rent epistaxes, nausea, and vomiting. He 
died in uremia almost three months after 
pyelography. Postmortem examination re- 
vealed that the tubules which were mark- 
edly dilated were filled, particularly in the 
proximal portions, with inspissated casts in 
varying stages of formation. Perillie and 
Conn also mention another case of plasma 
cell myeloma, personally communicated to 
them by Walsh, in which anuria was in- 
duced by intravenous pyelography result- 
ing in the death of the patient. 

Sanchez and Domz? report a case of oc 
cult multiple myeloma in which the domi- 
nant clinical picture was hypertensive 
azotemia and intravenous pyelography was 
performed in the hope of uncovering a cor- 
rectable renal lesion. The patient died with 
congestive heart failure and postmortem 
examination disclosed multiple myeloma, 
with generalized arteriolar paramyloidosis, 
particularly severe in the kidney. It is the 
opinion of Sanchez and Domz that hyper- 
tensive, instead of the usual normotensive, 
azotemia may occur in multiple myeloma in 


§ Peau, P. E., and Cows, H. O. Acute renal failure after 
intravenous pyelography i in plasma cell myeloma. JAMA, 
1958, 167, 2186-2189. 
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the presence of paramyloidosis or as a result 
of renal ischemia and may completely over- 
shadow the basic disease, as in their own 
case. They also state that in retrospect the 
attempt at intravenous pyelography ap- 
pears to have been unwise. They believe 
that multiple myeloma may be present 
sometimes for vears in an occult form, de- 
tectable only when searched for, and that if 
such patients have renal involvement disas- 
ter mav be precipitated with “disconcerting 
swiftness” after minor stress. 

The well known survey of i955 bv 
Pendergrass, Hodes, Tondreau, Powell and 
Burdick® on the deaths and unfavorable 


sequelae following the administration of 


contrast media in urography encompasses 
more than 3,800,000 urographic examina- 
tions over an eleven vear period. There 
were 25 immediate deaths which were attri- 
buted to allergic reactions. In addition, 
there were 3 delaved deaths which occurred 
one, two and three days, respectively, fol- 
lowing intravenous pyelography. 
these patients had increased blood urea 
nitrogen and died in uremia. Since the 
clinical findings were not available and no 
mention was made of a postmortem exami- 
nation, it is dificult to say whether intrave- 
nous pyelography had any role in inducing 
the uremia but the possibility cannot be 
excluded. 

Perillie and Conn,’ in discussing the 
mechanism of acute renal failure which oc- 
*curred in the $ cases reviewed by them, 
believe that precipitation of intratubular 
proteins is the main factor and they postu- 
late that intravenous pyelography may set 
the stage for this precipitation in the follow- 
ing way. Cleansing cathartics and enemas 
preparatory to examination produce dehy- 


8 Pe 







E. P, Hopes, P. 1, ToxongAv, R. La 
Powers, and Berpiee, E. p. Further considerations on 
deaths ied 
contrast media in aah: in the United Stare 
geor, Rao. THerary & Neerean Men, 
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dration which is considerably increased by 
fasting and withdrawal of fluids. Dunbar, 
MacEwan and Hebert,!® in a comprehen: 
sive study performed on normal male adults 
and experimentally in rabbits, recently 
demonstrated that there is a slight and 
consistent improvement in the quality of 
the intravenous pvelograms following dehy- 
dration, due to increased urinary. concen- 
tration. Abdominal compression to block 
the flow of the contrast containing urine 
reduces renal blood flow and thereby fur- 
ther increases the urinary concentration, 
thus enhancing the precipitation of the 
abnormal proteins within the tubules. The 
plugging of the lower nephron then swiftlv 
leads to obstructive uropathy, with oli- 
guria, anuria and death. 

Although the cited cases may appear 
unusual and may represent rare instances in 
the large number of intravenous pyelo- 
graphic examinations performed routinely, 
certain precautions are definitely war- 
ranted. These are: Intravenous pvelog- 
raphy should not be performed in frank 
cases of multiple myeloma for any reason. 
In the occult cases of multiple myeloma, a 
diligent search should be made for protein 
abnormalities by electrophoretic studies of 
the blood serum and urine and, if their 
presence is demonstrated, intravenous pye- 
lography should be omitted. In the cases of 
proteinuria of undetermined cause, the 
possibility of a multiple myeloma ‘““mas- 
querading" under the guise of a nephrop- 
athv should be kept in mind and intrave- 
nous pyelography performed only after the 
elimination of this possibility. 

T. Lgucuris, M.D. 
Harper Hospital 
Detroit 1, Michigan 


9 Dengar, J. S, MacEwas, D. W., and Hesret, F. Value of 
dehydration in intravenous pyelography—experimental study. 
Am. J. RocxrGgxor, Rav. Tnknavev & Nucuram Men, 1960, 
S4, 813-835. 
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NATIONAL COMMITTEE ON RADIATION PROTECTION 
AND MEASUREMENTS 


NUMBER of actions and activities of 
. the NCRP and its subcommittees 
seem to be worthy of note at this time. 

Just recently two new organizations have 
been accepted as sponsors. These are the 
American Nuclear Society and the Gene- 
tics Society of America. The NCRP is very 
happy, indeed, to have these two organiza- 
tions assist in its programs. 

Another action taken recently involved 
the reactivation of Subcommittee 1. This 
subcommittee under the chairmanship of 
H. H. Parker met on October 18, 1960 and 
began an active program, reflecting its con- 
cern with the development of the basic 
concepts and philosophy of radiation pro- 
tection. The subcommittee decided to 
operate under a pattern that has been 
found to be successful with other subcom- 
mittees. It will have a small working group 
assisted by an advisory group or consult- 
ants as circumstances demand. The initial 
membership includes: H. M. Parker, Chair- 
man, R. H. Chamberlain, J. F. Crow, H. 
Curtis, H. F. Friedell, H. J. Muller, C. 
Powell, H. H. Rossi. 

Subcommittee 14 on “Permissible Ex- 
posure Doses under Emergency Condi- 
tions” under the chairmanship of G. V. 
LeRoy has been very active of late. A 
report of the subcommittee directed par- 
ticularly to the problems of civil defense 
officials is now nearing completion and is 


expected to be submitted to the NCRP 
Main Committee in the near future. 

Subcommittee M-4 on “Relative Biologi- 
cal Effectiveness” now under the chairman- 
ship of V. P. Bond has also begun a very 
active program. They have outlined a 
method of approach for their program and 
begun preliminary work on a report. Ar- 
rangements have been made for liaison 
between this subcommittee and the joint 
ICRU-ICRP group concerned with similar 
problems. 

Two new handbooks have been released 
during recent months and a number of 
others are now nearing completion. Hand- 
book 72 on “Measurement of Neutron Flux 
and Spectra for Physical and Biological 
Applications” was released on July 15, 
1960. Handbook 73 on “Protection Against 
Radiations from Sealed Gamma Sources” 
was released on July 27, 1960. Handbook 
75 on “Measurement of Absorbed Dose of 
Neutrons and Mixtures of Neutrons anc 
Gamma Rays” and Handbook 76, “Medical 
X-rays Protection up to Three Million 
Volts” (Revision of Handbook 60), are now 
at the printers and should be released soon. 
Two other handbooks are now undergoing 
editorial review and it is hoped that they, 
too, can soon be released. These are: 
“Stopping Powers for Use with Cavity 
Chambers” and “A Manual of Radio-* 
activity Procedures.” 
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REPORT OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL UNITS AND MEASUREMENTS 


COMMITTEE ON THE METHODS OF RADIOLOGICAL 
EQUIPMENT AND MATERIALS 


SUBCOMMITTEE ON Focar Sports 


METHOD OF FOCAL SPOT IMAGE 
AND MEASUREMENT 


(For Diagnostic Tubes Up to 150 Kev) 


A 'THE 1956 meetings of the Interna- 
tional Commission on Radiological 

Units and Measurements, a new committee 
was established to study methods of 
evaluating radiological equipment and ma- 
terials; it operates under the Chairmanship 
of Dr. B. Combee of the Netherlands with 
Dr. E. D. Trout of the U.S.A. as Vice- 
Chairman. A series of subcommittees have 
been set up to deal with specialized sub- 
jects. The report to follow is the first of 
the subcommittee reports to be completed. 

As problems of radiation units and meas- 
urements have developed during recent 
years it has become increasingly evident 
that it is not feasible for the ICRU to 
publish a regular triennial report covering 
all areas of interest to the Commission. 
Therefore, it has been decided that as dif- 
ferent committees or subcommittees of the 
Commission complete their reports they 
will be released for whatever Journal pub- 
lication may appear to be appropriate. 

“Approximately every three years the com- 

mittee will endeavor to compile as many of 
these reports as possible into a single report. 
By this procecure it is hoped to avoid hold- 
ing up the release of one completed studv, 
simply to have it included in a single 
report with all other studies. 

This report of Subcommittee IV of the 
ICRU is the first such report to be released 
in the manner described above. It will also 
be included as Appendix H in the triennial 
report of the ICRU due for publication 
within a few months. 

Committee IV of the ICRU consists of 
the following members: B. Combee, Chair- 


man, Netherlands; E. Dale Trout (Vice 
Chairman), U.S.A.; E. Zieler (Technical 
Secretary), Germany; H. Berger, Germany; 
Bernard O'Loughlin, U.S.A.; A. S. John- 
stone, England; J. Massiot, France; D. J. 
Stevens, Australia; S. W. Smith, U.S.A; 
C. W. Wegelius, Sweden. 

The Subcommittee (IV-1) that prepared 
this specific report consists of the following 
members: T. Rogers (Chairman), U.S.A.; 
G. M. Ardran, England; E. Fenner, Ger- 
many; R. Griffoul, France; A. Kuntke, Ger- 
many. 

This report has been 
approved by the ICRU. 

Lauriston S. Tavror, Chairman 


METHOD OF FOCAL SPOT IMAGE 
AND MEASUREMENT 


reviewed and 


INTRODUCTION 
Report of the International Commission 
on Radiological Units and Measurements 
Subcommittee IV-1 on Focal Spots 


The task of this Subcommittee has been 
considerably simplified by the instruction 
given to it in the report of ICRU IV dated 
August 14, 1958, as follows: 

“Only the tools for making an accurate 
measurement under any desired operating 
conditions should be specified. The specifi- 
cation of tolerances allowable from nominal 
focal sizes, of the tube current and voltage 
conditions should be considered to be out- 
side the scope of ICRU IV." 

Consistent with this instruction, the 
Subcommittee has given special attention 
to methods of measurement of focal spot 
size in X-ray tubes for diagnosis. In this 
report we submit our recommendations for 
a measurement method and procedure suit- 
able for such tubes, particularly of the line 
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focus variety, when operated at voltages 
not exceeding 150 kvp. 

At the ICRU meeting held in Geneva, 
September, 1958, it was suggested that 
Subcommittee I should also include in its 
task the method of measurement of uni- 
formity of focal spots and that the studies 
should not be limited to diagnostic tubes 
but should include therapy tubes and pos- 
sibly radioactive sources. The Subcom- 
mittee has not as yet been able to evaluate 
this suggestion. It is of the opinion, how- 
ever, that a method applicable specifically 
for diagnostic tubes can and should be 
recommended at this time, and that ther- 
apy tubes and radioactive sources should 
be the subject of further deliberation. 

The following recommendations repre- 
sent a composite of the positions taken by 
the individual members of the Subcom- 
mittee with respect to the various points 
involved rather than the unanimous opin- 
ion of all. However, a majority are in agree- 
ment that the method proposed will give 
a substantially accurate measure of the 
effective focal size of an X-ray tube under 
the operating conditions obtained at the 
time the measurement is made. 


RECOMMENDATIONS 


METHOD or Focat Spor IMAGE 
FORMATION AND MEASUREMENT 


(For diagnostic tubes at voltages up to 
150 kvp.) 

1. Basic method 

Pinhole radiograph of focal spot, pro- 
duced by pinhole accurately aligned with 
respect to “central ray” of X-ray beam. 

2. Details of pinhole camera 

a. Pinhole diameter: .o30 mm. for focal 
sizes below 1.0 mm.; .075 mm. for focal 
sizes 1.0 mm. to 2.5 mm.; .100 mm. for 
focal sizes above 2.5 mm. 

b. Diaphragm thickness, material, and 
pinhole profile: The pinhole diaphragm 
shall be manufactured from a go/1o gold- 
platinum alloy, 1.5 mm. thick. The cylind- 
rical part of the pinhole shall be five times 
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as long as its diameter and followed by a 
conical part with a divergent angle of 8° 
(see diagram below). 





c. Focal spot to pinhole distance: 10 cm. 
minimum (where focus location is not pre- 
cisely known or directly measurable, pre- 
cise location stereoscopically with dual pin- 
holes is recommended). 

d. Enlargement factor: 2.0 minimum for 
focal sizes up to 2.5 mm.; 1.0 minimum for 
focal sizes above 2.5 mm. 

3. Photographic technique 

a. Type of film: Any commonly used 
dental film (single coating). 

b. Image density: 0.6 to 1.0, as measured 
in the most dense portion of the image. 
Density to be controlled by means of stand- 
ard developing technique and proper ex- 
posure time at tube current and voltage 
factors employed. (This element involves 
a point of special difficulty, because of 
variations in structure of respective focal 
spots. If lines in focal spot are superim-* 
posed, greater maximum density results 
than in cases where lines are not superim- 
posed, for equal exposure values. Hence a 
wide latitude in allowable maximum dens- 
ity become necessary.) 

4. Measurement of image 

a. Lighting: Back-lighted at approxi- 
mately 20 foot-candles. 

b. Measurement procedure: Use scaled 
magnifier with o.1 mm. scale divisions, § 
to 10 times magnification. Measure length 
and width, respectively, including all per- 
ceptible portions of the image, to nearest 
o.1 mm. For irregularly shaped (nori- 
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rectangular) focal spots, measurement 
should be taken of all significant dimen- 
sions. 

c. Correction of image measurements: All 
image dimensions shall be divided by the 
enlargement factor, accurately determined 
(see 2d). 

5. Statement of dimensions 

a. Width of focal spot shall be stated as 
the width of the image divided by the en- 
largement factor. 

b. Length of focal spot shall be stated 
as the length of the image divided bv the 
enlargement factor, further corrected bv a 
multiplier of 0.7.* 

c. For non-rectangular focal spots, all 
significant dimensions, including maximum 
diameter, shall be stated as indicated by 
actual measurements divided bv the en- 
largement factor.^ 


APPENDIX A 


The proposal of a fractional multiplier 
for correction of the measured image length 
arises from the long-recognized fact that 
the lengthwise distribution of energy in the 
focal spot of a line-focus tube tends to be 
peaked at the center and diminishes grad- 
ually to zero at the ends. Hence, the etfec- 
tive length, based on its effect on either 
radiographic definition or loading capacity, 
cannot be stated as equal to the measured 
image length as initially. corrected. Some 
¢urther correction is necessary. This point 
has been exposed, and to some extent ex- 
plored in the papers heretofore presented 
by Polansky and O'Conner! (1954), Rogers? 
(1956), Fenner and Jochim? (1957), and 


a See Appendix A for explanation. 
» See Appendix B for explanation, 
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Servais, (1958). However, we do not feel 
that work done to date has been sufficiently 
comprehensive to establish a suitable cor- 
rection factor, and the suggestion above of 
a multiplier of 0.7 is given primarily by 
way of example or as an approximate value 
rather than as a final recommendation. We 
would like to recommend that ICRU IV 
enlist the good offices of a suitable research 
organization to explore this matter quanti- 
tatively over the entire range of diagnostic 
tubes commercially produced, with the 
objective of establishing a proper formula 
for focal spot length. 


APPENDIX B 
Off-Focus Radiation 


It must be recognized that the effect of 
any off-focus radiation on definition is not 
taken into account by these measurements, 
and unless off-focus radiation is suppressed, 
the definition to be expected from the tube 
may be influenced by it. 
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SOCIETY PROCEEDINGS AND NEWS ITEMS 
ee 
MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN Roenrcen Ray Soctery 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn, Annual meeting: Deauville Hotel, Miami Beach, 
Fla., Sept. 26-29, 1961. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. Charles G. Stetson, 350 Engle Street, 
Englewood, N. J. Annual meeting: Broadmoor Hotel, 
Colorado Springs, Colo., May 11-14, 1961. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary, Maurice Doyle Frazer, 1037 Stuart Bldg., 
Lincoln, Neb. 

Treasurer, Dwight Vincent Needham, 713 E. Genessee 
St., Syracuse, N. Y. Annual meeting: to be announced, 

AMERICAN CoLLEGE or RapioLocv 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting: Chicago, 
IL, Feb. 8-11, 1961. 

SECTION on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eighth Ave., Spokane 4, Wash. Annual 
meeting: New York City, June 26-30, 1961. 

AMERICAN Boanp or Rapio.ocy 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building. Rochester, Minn. 
The Spring 1961 examination will be held at the Denver 
Hilton Hotel, Denver, Colorado, June 19-22, inclusive; 
the deadline for filing applications was January 1, 1961. 
There will be no Special Examination in Nuclear Medi- 
cine. The Fall 1961 examination will be held at the 
Shoreham Hotel, Washington, D. C., December 4-7, in- 
clusive; the deadline for filing applications is July 1, 
1961. A Special Examination in Nuclear Medicine will 
be offered if there are sufficient applications. 

TeNTH INTERNATIONAL CoNGnEss or RADIOLOGY 
Secretary-General, Dr. Carleton B. Peirce, Royal Vic- 
toria Hospital, Montreal 2, Quebec, Canada. Meets in 
Montreal, Aug. 26-Sept. 1, 1962, 

SEVENTH INTER-AMERICAN CONGRESS or RaptoLoov 
Counselor for the United States, Dr. J. A. del Regato, 
Penrose Cancer Hospital, 2200 North Cascade Avenue, 
Colorado Springs, Colorado. The meeting will be held in 
Sáo Paulo, Brazil, September 3-10, 1961. 
Secretary-General, Dr. Walter Bomfim-Pontes, Rua 
Cesario Motta, No. 112, São Paulo. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, HL 

Arizona RapioLoGIcaL Socrery 
Secretary, Dr. Don E. Matthieson, 926 East McDowell 
Rd., Phoenix, Ariz. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. B. Scruggs, Arkansas Baptist Hospital, 
Little Rock, Ark. Meets every three months and also at 
time and place of State Medical Association. 

ASSOCIATION OF Untversiry RADIOLOGISTS 
Secretary, Dr. Melvin M. Figley, Department of Radi- 
ology, University of Washington, Seattle s, Wash. 
Annual meeting to be announced. 


ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wilson T. Edenfield, 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 

BrockLy RaproLocicaL Society 
Secretary, Dr. Samuel Finkelman, 101 S. Twentieth St. 
Philadelphia, Pa. 

BrookLyN RaproLoaicaL Society 
Secretary, Dr. Joseph Arcomano, 168 Clinton St., Brook- 
lyn 1, N. Y. Meets first Thursday of each month October 
through May. 

Burrato RADIOLOGICAL SOCIETY 
Secretary, Dr. Kenneth H. Seagrave, 537 Delaware Ave., 
Buffalo 2, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

Cenrrat New York RanioLocicaL Sociery 
Secretary, Dr. Joseph A. Head, 150 Marshall St., Syra- 
cuse, N. Y. Meets first Monday each month October 
through May. 

Cenrrat Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Freidman, Grant Hospital, 
Columbus, Ohio. Meets at 6:30 P.M, on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Sociery or NucLear MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, Ill. 

Cuicaco RogNTGEN SOCIETY 
Secretary, Dr. William F. Hutson, $145 N. California 
Ave. Chicago, Ill. Meets second Thursday of each 
month ,October to April except December at the Sheraton 
Hotel at 8:00 PM. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Norman E. Berman, 14404 S. Park Blvd., 
Shaker Hgts. 20, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of each month from October to April at Tudor 
Arms Hotel. 

CoLonApo Rapiotocica Society 
Secretary, Dr. Bertram L. Pear, 3705 East Colfax Ave., 
Denver 6, Colo. Meets third Friday of each month at 
Denver Athletic Club from September through May. 

Connecticut VALLEY RapioLocic Socrery 
Secretary, Dr. Paul J. Kingston, 114 Woodland St., Hart- 
ford, Conn. Meets first Friday in February and April. 

Darras-Forr Wort Raprotocicat Crus 
Secretary, Dr. W. H. Neil, 1217 W. Cannon St., Fort 
Worth, Texas. Meets monthly, third Monday, at Greater 
Fort Worth International Airport at 6:30 P.M. 

Derrorr RogNTGEN Ray AND Rapium Society 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hos- 
pital, Detroit 1, Mich. Meets monthly first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay Roenrcen Socrery 
Secretary, Dr. Dan Tucker, 434 joth St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

East TENNESSEE RapiorogicaL Society 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medical Arts 
Building, Knoxville, Tenn. Meets in January and Sep- 
tember, 

Eastern CONFERENCE or Rapio_ocy 
Secretary, Arrangements Committee, Dr. Philip Myers, 
Baltimore City Hospital, Baltimore 24, Md. Annual 
meeting: Lord Baltimore Hotel, Baltimore, Md., March 
9-11, 1961. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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EasrerN RADIOLOGICAL Society 
Sveretary, Dr. John D. Osmond, Jr., Euclid.Glenville 
Hospital, Cleveland 19, Ohio. Meets at Mid Pines Club 
Sauthern Pines, N. C., April 16-19, 1961. 

FLoripa RADIOLOGICAL SOCIETY 
Seeretary, Dr. John P. Ferrell, 166 4th Ave., St. Peters- 
barg, Fla. Meets twice annually, in the spring with the 
anrual State Society Meeting, and in the fall. 

Ficripa West Coast RaproLocicAL Society 
Seeretary-Treasurer, Dr. Joseph C. Rush, 1800 Druid Rda 
Clearwater, Fla. 

Georgia KADIOLOGICAL SOCIETY 
Seeretary, Dr. George W. Brown, Griffin, Ga. Meets 
in spring and fall with Annual State Society Meeting. 

GREATER Mrami RanioLocicaL Society 
Secretary, Dr. Donald H. Altman, 2751 Coral Way, 
Miami, Fla. Meets monthly third Wednesday at 8 p.m. 
at Jackson Memorial Hospital, Miami, Fla. 

GREATER St, Louis RADIOLOGICAL Soctery 
Secretary, Dr. Harvey A. Humphrey, 462 N. Taylor, St. 
Louis 8, Mo. 

Housron RADIOLOGICAL SOCIETY 
Secretary, Dr. Edward B. Singleton, 6621 Fannin St, 
Houston 25, Texas. Meets last Monday each month, 
Seminar Room, Doctors’ Club of Houston. 

Ipano Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. Claude W. Barrick, St. Alphonsus Hos- 
pital, Boise, Idaho. Meets in the Spring and Fall. 

ILuinors RADIOLOGICAL Society 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in spring and fall. 
Inntana Roentgen Society, Inc. 
Secretary, Dr. David E. Wheeler, 1500 North Ritter, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 
lowa Raptotocieat Soctery 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of lowa State Medical Society. The scien- 
tic section is held in the autumn. 
Kassas RAbDroLocrcAL Soctery 
Secretary, Dr. Lewis G. Allen, 807 Huron Bldg., Kansas 
City, Kansas. Meets in spring with State Medical So- 
ciety, and in winter on call. 

Kentucky RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert H. Akers, V. A. Hospital, Louis- 

ville 2, Ky. Meets monthly on second Friday at Seelbach 
Hotel, Louisville, 

Krras County Raprotocicat SocreTY 
Secretary, Dr. Abraham Berens, 1917 Bedford Ave., 

* Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 

8225 P.M. 

Los ANGELFS RADIOLOGICAL SOCIETY 

Secretary, Dr. Walter Stilson, 1720 Brooklyn Ave., Los 

Angeles, Calif. Meets second Wednesday of month in 
September, November, January, April and June at Las 
Angeles County Medical Association Building, Los 
Angeles. 

Mare RADIOLOGICAL SOCIETY 
Secretary, Dr. Albert A. Poulin, Thayer Hospital, Water- 
pur Maine. Meets in June, September, December and 
April. 

MarrLanD RaproLocicat SOCIETY 
Secretary, Dr. Nathan B. Hyman, 1805 Futaw Place, 
Baltimore 17, Md. 

Mrwruis RoeNTGEN Society 
Secretary, Dr. Hollis H. Halford, Kennedy V.A. Hospital, 
Department of Radiology, Memphis 15, Tenn. Meets 
first Monday of each month at John Gaston Hospital. 

Miram Varuey Raprotoaicat Society 
Secretary, Dr. S. F. Johnson, 2197 Los Arrow Dr., Day- 
tor 9, Ohio. Meets second Friday of fall and winter 
months. 
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Mip-Hupson RabioLoctcAr Society 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 p.m., fourth Wednesday 
each month, September to May. 

MiLwaukEr Roentgen Ray SocigTY 
Secretary, Dr. Joseph F. Wepfer, sooo W. Chambers St., 
Milwaukee 10, Wis. Meets monthly on fourth Monday, 
October through May, at University Clab. 

Minnesota HRabioLOGICAL Society 
Secretary, Dr. Donald H. Peterson, 853 Medical Arts 
Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring. 

Misstssrppr RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard T. Hickman, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at Hotel Edwards, Jackson, at 6:00 P.M. 

Montana RapioLocicaL Soctery 
Secretary, Dr. J. K. Boughn, 35 11th Ave., Helena, 
Montana. Meets at least once a year. 

Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Alan E. Baum, 100 Nowbridge Rd., 
Hicksville, N. Y. Meets second Tuescay of the month 
in February, April, June, October and December. 

NeBrASKA RADIOLOGICAL Socterty 
Secretary, Dr. Ronald E. Waggener, The Radiologic 
Center, Nebraska Methodist Hospital, Omaha 31, Ne- 
braska. Meets third Wednesday o cadi month at 6 P.M. 
in Omaha or Lincoln. 

New Encianp RogNTGEN Ray SocigTY 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through May at The Longwood Towers, Brook- 
line, Mass. 

New Hampsuire Roentcen Ray Socrety 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man. 
chester, N. H. Meets four to six times yearly. 

New York Roentcen Socrety 
Secretary, Dr, Albert A. Dunn, 622 W. 168th St., New 
York, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine at 4:30 Pm. 

NonTH Carona Raprorocican Soctery 
Secretary, Dr. A. B. Croom, 624 Quaker Lane, High 
Point, N. C. Meets in the spring and fall each vear. 

Norta Dakota RaproLocicaL Soctety 
Secretary, Dr. R. F. Raasch, Post Office Box 990, Dickin- 
son, North Dakota. Meets at time of State Medical 
Association meeting. Other meetings arranged on call 
of the President. 

Norrn Fioripa Rapto.ocicat Society 
Secretary, Dr. Paul A. Mori, 800 Miami Road, Jackson- 
ville 7, Fla. Meets quarterly in March, June, September 
and December. 

NonrHEASTERN New York Rapioroctican Socrery 
Secretary, Dr. Lester I. Citrin, St. Mary’s Hospital, 
Troy, N. Y. Meets in Albany area on second Wednes. 
day of October, November, March and April. 

NoRTHERN CALIFORNIA RapioLoctcAn Soctery 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

Ouro Stare RaprotocicaL SOCIETY 
Secretary, Dr. Paul D. Meyer, 125 S. Grant Ave., 
Columbus, Ohio. Annual meeting third week end in May, 
1961 at Columbus, Ohio. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. E. D Greenberger, Medical Arts Bldg., 
McAlester, Okla. Meets in January, May and October. 

Orecon Raprorocicat SocireTY 
Secretary, Dr. George R. Satterwhite, 1:23 S.W. Yamhill, 
Portland, Ore. Meets monthly from October to Tune on 
the second Wednesday of each month at 8100 p.m. at the 
University Club. 
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ORLEANS Parisn RaproLocicAL Soctery 
Secretary, Dr. Joseph V. Schiosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Pacific Noratuwest Raprococicat SocrgTY 
Secretary, Dr. John N. Burkey, 555 Dental Bldg., 
Seattle, Wash. Annual meeting: Portland, Oregon, May, 
1961, 

Paciric RoeNTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran. 
cisco 8, Calif. Meets annually during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick R. Gilmore, 234 State St., Har- 
risburg, Pa. Annual meeting: Bedford Springs Hotel 
May 26-27, 1961. 

PHILADELPRIA Roentcen Ray Soctery 
Secretary, Dr. Robert B. Funch, Department of Radi- 
ology, Germantown Hospital, Philadelphia 44. Pa. Meets 
first Thursday of each month, at 5 p.m., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Ross H. Smith, St. Margaret Memorial 
Hospital, Forty-Sixth St., Pittsburgh 1, Pa, Meets sec- 
ond Wednesday of month, October through June at Park 
Schenely Restaurant. 

RAptoLocicaL Section, BaLriMmore M epicaL Society 
Secretary, Dr. James K. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. Donald Janny, Cincinnati, Ohio, Meets 
monthly from September to May on first Monday of each 
month at 7130 P.M. at the Cincinnati General Hospital. 

RaptoLoGtcat Society of HA war 
Secretary, Dr. Philip S. Arthur, 274 Young Hotel Bldg., 
Honolulu, Hawaii. Meets third Monday of each month 
at 7:130 PM, 

RaptoLoGicAt SOCIETY or Greater Kansas Crrv 
Secretary, Dr. J. Stewart Whitmore, toto Rialto Bldg., 
Kansas City, Mo, Meets last Friday of each month. 

RaproLocicat Socrery of Kansas Crrv 
Secretary, Dr. Arthur B. Smith, 800 Argyle B!dg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Robyn Hardy, 4324 Magnolia St., New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL Soctery or New Jersey 
Secretary, Dr. Austin J. Tidaback, 912 Prospect Ave., 
Plainfield, N. J. Meets at Atlantic City at time of State 
Medical Society meeting and in November in Newark, 
N.J. 

RabroLoGICAL Sociery or New York STATE 
Secretary-Treasurer, Dr Mario C. Gian, 610 Niagara St., 
Buffalo 1, N. Y. Annual meeting to be announced. 

RaproLocicAL Society or SourH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary, Dr. Joseph F. Linsman. 436 N. Roxbury Dr., 
Beverly Hills, ; 

Repwoop E-mprre RAproLogican Soctery 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RreaMmonp County RADIOLOGICAL Sociaty 
Secretary, Dr. W. F. Hamilton, ]r., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester RogNTGRN Rav Socigrv, Rocnestar, N. Y. 
Secretary, Dr. Robert H Greenlaw, 188 Irvington Rd., 
Rochester 20, N. Y. Mee 8:15 Pm. on the last Mon- 
dav of each month, September through May, at Strong 
Memorial Hospital. 

Rocky Mountain RADIOLOGICAL Sociaty 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
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ver 20, Colo. Annual meeting: Denver Hilton Hotel 
Denver, Colo., Aug. 10-12, 1961. 

SAN AnTonio-Miurrary RapioLocical Society 
Secretary, Dr. Hugo F. Elmendorf, ]r., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
PM. 

San Dieco RapioLoercaL Society 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

Saw Francisco Raptorocicat Socigrv 
Secretary, Dr. M. A. Sisson, 450 Sutter St., San Francis- 
co 8, Calif. Meets quarterly at the San Francisco Medi- 
cal Society, 250 Masonic Ave., San Francisco 18, Calif, 

SECTION on RaptoLogy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SECTION on RapioLoay, Connecticut Srars MEDICAL 
Soctery 
Secretary, Dr. Wayne P. Whitcomb, Hospital of St 
Raphael, New Haven, Conn. Meetings are held bi. 
monthly. 

Section on RapioLocy, Mepicat Society or rus Dis- 
trict OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1746 K St, N.W, 
Washington 6, D. C. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

SECTION ON RaproLocv, ILLiNors Srara MepicaL Society 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, lll. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION, 
Secretary. Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting to be 
announced. 

SHREVEPORT RaproLogicaL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M., 
September to May inclusive. 

Society ror Peprarrie RADIOLOGY 
Secretary, Dr. Richard G. Lester, 412 Union St., S.E., 
Minneapolis 14, Minn. Annual meeting: Deaville Horel, 
Miami Beach, Fla., Sept. 25, 1961. 

Socigry or Nucugag MEDICINE 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bldg., Denver 2, Colo. Administrator, Samuel N. Turiel, 
430 N. Michigan Ave., Chicago 11, lll, Annual meeting: 
Penn Sheraton Hotel, Pittsburgh, Pa., June t4-17, 1961. 

SoutH Bay Kapiotocicat Society 
Secretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each® 
month. 

South CAROLINA RapioLoaica Society 
Secretary, Dr. George W., Brunson, 1406 Gregg St, 
Columbia, S. C. Annual meeting (primarily busin 
in conjunction with the South Carolina Medical Associa 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary, Dr. Marshall Eskridge, Mobile Infirmary, 
Mobile, Ala. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. Ralph S. Clayton, 1:01. Arizona, Bldg. 
2-A, El Paso, Texas. Meets second Tuesday of each 
month. 

TeNNsssER RapioLocicat Society 
Secretary, Dr. James J. Range, P.O. Box 324, Johnson 
City, Tenn. Meets annually at the time and place of 
the Tennessee State Medical Association meeting. 

Texas Raprovocieat Soctery 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Texas. Next 
meeting January 20 and 21, 1961, Texas Hotel, Fort 
Worth, Texas. 
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Tri-State RADIOLOGICAL Socigry 
Secretary, Dr. James R. Mathews, 118 S. E. First St., 
Evansville, Ind. Meets last Wednesday of Oct., Jan, 
March and May, 8:00 p.m. at Elks’ Club in Evansville. 

Universrry or MICHIGAN DaPARTMENT OF ROBNTGEN- 
oLoGy SrArr ManriNG 
Meets each Monday evening from September to June, 
at 7:00 P.M. at University Hospital. 

Upper PeNINsULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Stara RabroLoctcAL Socisty 
Secretary, Dr. Richard Y. Card, St. Mark's Hospital, Salt 
Lake City, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

Vrirainta RADIOLOGICAL Socrarv 
Secretary, Dr. Frank A. Kearney, I, 110 S. Curry St., 
Phoebus, Va. Meets annually in October. 

WASHINGTON Strate RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph T. Houk, 14303 Ambaum Blvd., 
Seattle 66, Wash. Meets third Monday of each month 
from September through April at the University of 
Washington Medical School. 

West Virointa RapioLocicAL Society 
Secretary, Dr. Karl J. Myers, 112 N. Woods St., Philippi, 
W. Va. Meets concurrently with Annual Meeting of 
West Virginia State Medical Society; other meetings 
arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard P. Avondu, Yonkers General 
Hospital, Park & Ashburton Ave., Yonkers, N. Y. 
Meets on third Tuesday of January and October and 
on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Howard G. Bayley, 116 Iroquois Parkway, 
Beaver Dam, Wis. Annual meeting each spring in vari- 
ous places. 

X-Ray Srupy CLuB or San Francisco 
Secretary, Dr, John H. Heald, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets monthly, third Thursday at 7:30 
P.M., Children's Hospital, September through June. 


Cuna, Mexico, Puerro Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE Rapiórogos DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Julio Toriello, 11 Calle 2-37, zona 
1, Guatemala, Meets annually in a rotating manner in 
the six countries. 

SOCIEDAD DE RaproLocía De EL SALVADOR 
Secretary, Dr, Rafael Vega Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, g^. Calle A o-os, Zona 1, 
Guatemala. 

Soctepap pe RapioLocíA v Fistoreraria CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F,Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE De RADIOLOGIA 
Secretary, Dr, James Fernández Carballo, Apartado VIH, 
San José, Costa Rica. 

Socrepap Mexicana pg Raptotocfa, A. C. 

Calle del Oro No. 1e. México 7, D. F 
Secretary-General, Dr. E. Alvarez Hernández. Meets 
first Monday of each month. 

Asociación Pusrrorrrquena Da KR ApiOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SoctepaD RapioLócica PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting. 
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Brrrish COMMONWEALTH or NATIONS 


ASSOCIATION or RADIOLOGISTS OF THB Province or QUEBEC 
Secretary, Dr. Odilon Raymond, 5400 Blvd. Gouin. 
Quest, Montreal, Que. Meets four times a year. 

Barnsa Instiruta or Rapiococy INCORPORATED wira 
THB RÖNTGEN SocinTY 
Honorary Secretary, Dr. John Blewett, 32 Welbeck St., 
London, W. 1. Meets monthly from October until May. 

FacuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. R. A. Kemp Harper, 47 Lincoln's 
Inn Fields, London, W.C.2, England. Annual meeting 
to be announced. 

Section or RapioLocy or Tua Royva Society or Mep- 
cing ((ConrineD ro MepicaL Mamsars), 

Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. i. 

CANADIAN Association OF RADIOLOGISTS 
Honorary Secretary, Dr. Robert G. Fraser, Associate Hon. 
orary Secretary, Dr. Jean-Louis Léger, 1555 Summerhill 
Ave, Montreal 25, Que. Annual meeting: Januarv 
22-25, 1961, Saint John, New Brunswick, 

Monrreat RapioLogrcaL Srupy CLuB 
Secretary, Dr. F. McConnell, 1650 Cedar Ave., Montreal, 
Quebec. Meets first Tuesday evening, October to April. 

SECTION or RapioLocv, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociérÉ CaNADIENNE-FRANCAISE D’ELECTRO-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Louis Ivan Vallée, 1058 rue St. 
Denis, Montreal 18, Canada. Meets third Saturday each 
month. 

Toronto RaproLogicaL Society 
Secretary, Dr. L. R. Harnick, Toronto Western Hospite!, 
399 Bathurst St., Toronto, Ontario. Meets second Mon 
day of each month September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia, 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RaproLoafa 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz ra 
Córdoba, Argentina. Meetings held monthly, i 
ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3109, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 
Corécio BRasiLEIRO DE RADIOLOGIA 
Secretary-General, D. Camillo Segretc, Avenida An- 
gélica, 1.170, Caixa Postal 5984, São, Paulo, Brazil. 
SOCIEDAD ARGENTINA DE RabioLocfa, JUNra CENTRAL 
Buenos AIRES 
Secretary, Dr. Edgardo O. Olcese, Santa Fé 1171, Buenos 
Aires. Meetings are held monthly. 
Soctepad Botivana DE Rapio.ocia 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 
Soctepape BnasiLEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av, Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December, 
Socirepave BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in Sã» Paulo ut Av. 
Brigadeire Luiz Antonio, 644. 
SociepaD CHILENA PE Raprorocía 
Secretary, Dr. J. P. Velasco, Avenida Santa María 
Oto, Santiago, Chile. Meets fourth Friday of each 
month. 


, 
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SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr, Alberto Mejia Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

Soctepap ECUATORIANA DE Rapioroafa v Fistorerapfa 
Secretary, Dr. Publio Vargas P., Casilla 1242, Guayaquil, 
Ecuador. 


SOCIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

Socrepap PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Perú, Meets monthly except during January February 

. and March, at Asociación Médica Peruana “Daniel A. 
Carrión," Villalta 218, Lima. 

SoorepaD DE RADIOLOGIA DEL ÁTLANTICO 


Secretary, Dr. Raul Fernandez, Calle 40 f41-110, Baran- 
uilla, Colombia. Society meets monthly at the Instituto 
de Radiologie, 


Soctepap DE Raproroofa, CaxckRoLoofA v  FísicA 
Mépica pet UnucuAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

EDADE DE RADIOLOGIA DE PERNAMBUCO : 
Secretary, Dr, Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil, 

Socrepap DE RokNTOENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Carlos A, Oulton, Santa Rosa 447, 
Cordoba, nnn 

Socigpap VgNEZOLANA DE RaproLoafa 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362 Candelaria, Caracas, Venezuela., Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 

aracas, 


CoNTINENTAL EuROPE 


ÖSTERREICHISCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 

eine Poliklinik, 

SociÉrÉ BzLor pz RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain jum, Meets in February, 
March, May, June, Óctober, November and December. 
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SociÉrÉ FRANÇAISE D'ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SocrÉrÉ pu Sup-Ovuzsr, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU Lvowxai, DU 
Norp, pz L'Ouzsr, DE L'Esr, ET D'ÁLGER ET D'AFRIQUE 
pu Norn. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 

Secretary-General, Dr. Ch. Proux, 9, rue Daru, Paris 8°, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST pro RoErTGENOLOGI A RA- 
DIOLOGTI 
Secretary, Dr. Robert Poch, Praha 12, Šrobárova go 
Czechoslovakia. Meets monthly ex 
August, and September. Annual gen 

DEUTSCHE RÖNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitüts- 
Röntgeninstitut. Lagenbeckstr. 1, Mainz, Germany. 
Annual meeting: April 12-15, 1961. 

SocrerA IrALiANA Di RapioLoora MEDICA x pr MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, Torino, 
Italy. Meets annually. 

NEDERLANDSE VERENIGING voor ELECTROLOGIE EN RÖNT- 
GENOLOGIE 
Secretary, Dr. J. R. von Ronnen, Violenweg 14, den Haag 
Netherlands. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 

edical Radiology, meeting every second year in the 
different countries belonging to the Association. 

Sociepap EsPARoLA De RaproLocfa y ErLEkcrROLOGÍA 
Mépicas y Mepicina NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid, 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (Socifré Suissa DE RADIOLOGIE ET 
pg MÉprcine NucLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland, 


t during July, 
meeting. 


INDIA 


INDIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 


The next list of Meetings of Radiological Societies will be published in the March, 1961 issue of the 


JOURNAL. 
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THIRTEENTH ANNUAL MIDWINTER 
RADIOLOGICAL CONFERENCE 

The Thirteenth Annual Midwinter 
Radiological Conference, sponsored by the 
Los Angeles Radiological Society, will be 
held at the Biltmore Hotel, Los Angeles, 
California, on Saturday and Sunday, Janu- 
ary 28 and 29, 1961. 

An outstanding program of pertinent 
interest has been arranged and the guest 
speakers will be Dr. James W. D. Bull, 
London, England; Dr. John Boland, New 
York, New York; Dr. John A. Kirkpatrick, 
Philadelphia, Pennsylvania; and Dr. John 
F. Holt, Ann Arbor, Michigan. 

The conference fee of $20.00 includes two 
luncheon meetings featuring questions and 
answers. A banquet ($7.50 per plate) pre- 
ceded by cocktails will be held Saturday 
evening. Reservations may be made 
through: Joseph Parks, M.D., 14500 Sher- 
man Circle, Van Nuys, California. 

Courtesy cards will be available to resi- 
dents in Radiology and Radiologists in the 
Armed Forces by advance registration, 
with reduced rates for the luncheons and 
banquet. Hote! reservations should be made 
promptly through the Convention Mana- 
ger, Biltmore Hotel, Los Angeles, Calif. 


EASTERN CONFERENCE OF RADIOLOGY 

The annual meeting of the Eastern 
Conference of Radiology will be held March 
9-11, 1961, at the Lord Baltimore Hotel, 
Baltimore, Maryland. The Secretary of the 
Arrangements Committee is Dr. Philip 
Myers, Baltimore City Hospital, Baltimore 
24, Maryland. 


COURSE IN CLINICAL USE OF 
RADIOACTIVE ISOTOPES 

A course in the clinical use of radioactive 
isotopes will be given under the supervision 
of Dr. Sergei Feitelberg and Dr. Edith 
Quimby of the Department of Radiology, 
Columbia University, New York City, 
from June 5 through June 30, 1961. This 
is a full-time course which includes lectures, 
experimental laboratory exercises, clinical 
rounds and clinical. measurements on pa- 
tients and on specimens. In addition to Drs. 
Feitelberg and Quimby, the teaching statf 
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will comprise sixteen invited lecturers from 
the New York area, each presenting ma- 
terial in his own special field. 

Enrollment in the class is limited to 20; 
the fee is $300. 

Inquiries should be addressed to Dr. 
Sergei Feitelberg, Mt. Sinai Hospital, Fifth 
Avenue at tooth Street, New York, N.Y. 

COURSE IN RADIOLOGY AND 
RADIOACTIVE ISOTCPES 

A three-day postgraduate course in 
Radiology and Radioactive Isotopes has 
been announced for February 20, 21, and 
22, 1961 at the University of Kansas 
Medical Center, Kansas City, Kansas. A 
guest faculty of eight nationally recognized 
authorities will present didactic material. 

Information concerning the program and 
registration may be had by writing the 
Department of Postgraduate Medical Ed- 
ucation, The University of Kansas School 
of Medicine, Kansas City 12, Kansas. 

NEW OFFICERS OF THEFRADIO- 
LOGICAL SOCIETY OF NORTH 
AMERICA 

At the Forty-sixth Annual Meeting of 
the Radiological Society of North America 
held at the Netherland Plaza Hotel, Cin- 
cinnati, Ohio, December 4-9, 1960, 
the following officers were elected: Presi- 
dent, M. Milton Berg, Bismarck, North 
Dakota; President-Elect, Charles Mc- 
Curdy Gray, Tampa, Florida; First Vice 
President, Philip J. Hodes, Philadelphia, 
Pennsylvania; Second Vice President, John 
R. Hodgson, Rochester, Minnesota; Third 
Vice President, George Cooper, Jr., Char- 
lottesville, Virginia; New Mem ber of Board 
of Directors, John William Walker, Kansas 
City, Missouri; Secretary, Maurice Doyle 
Frazer, Lincoln, Nebraska; Treasurer, 
Dwight Vincent Needham, Syracuse, New 
York; and Historian, Howard P. Doub, 
Detroit, Michigan. 

Drs. Thomas Burke Bond, Fort Worth, 
Texas and Warren H. Cole, Chicago, Hi- 
nois, were awarded the Gold Medal, highest 
honor of the Society. Dr. Howard P. Doub 
was presented with a beautiful silver platter 
“in appreciation of twenty years of loval 
service as Editor of Radiology.” 


JANUARY, 1961 


BOOKS RECEIVED 


Comparative Errecrs or RADIATION; Report of a 
Conference held in San Juan at the University of 
Puerto Rico, February 15-19, 1960, sponsored by 
National Academy of Sctences— National Research 
Council. Edited by Milton Burton, Chemistry De- 
partment and Radiation Laboratory, University of 
Notre Dame; J. S. Kirby-Smith, Biology Division, 
Oak Ridge National Laboratory; and John L. Magee, 
Chemistry Department and Radiation Laboratory, 
University of Notre Dame. Cloth. Price, $8.50. Pp. 
426. John Wiley & Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 1960. 

A CLINICAL PROSPECT OF THE CANCER PROBLEM. 
Introductory Volume, Monographs on Neoplastic 
Disease. General Editor, D. W. Smithers, M.D., 
F.R.C.P., F.F.R., Professor of Radiotherapy in the 
University of London; Director, Radiotherapy 
Department, Royal Marsden Hospital, and Institute 
of Cancer Research, Royal Cancer Hospital; Radio- 
therapist, Brompton Hospital. Cloth. Pp. 232, with 
46 illustrations. E. & S. Livingstone, Ltd., 16-17 
Teviot Place, Edinburgh 1, Scotland, 1960. 

Lumsar Discocrapyy AND Low Back Pain. By 
Donald deForest Bauer, M.D., C.M., M.Sc., Con- 
sulting Radiologist, Klamath Valley Hospital and 
Hillside Hospital; Associate Supervisor and Radiolo- 
gist, Department of Medical K-Ray Technology, 
Oregon Technical Institute, Klamath Falls, Oregon. 
Cloth. Price, $5.00. Pp. 89, with 32 illustrations. 
Charles C Thomas, Publisher, 301-327 E. Lawrence 
Ave., Springfield, Ill., 1960. 

Tue Basic Puysics or Rapration THerapy. By 
Joseph Selman M.D., Clinical Assistant Professor of 
Radiology, The Southwestern Medical School, Uni- 
versity of Texas; Director, School of K-Ray Tech- 
nicians, Tyler Junior College; Chief of Radiology 
Service, Medical Center Hospital; Attending Radiol- 
ogist, Mother Frances Hospital; Consultant in 
Radiology, East Texas Tuberculosis Hospital, Tyler, 
Texas. Cloth. Price, $14.50. Pp. 671. Charles C 
Thomas, Publisher, 301-327 E. Lawrence Ave., 
Springfield, Ill., 1960. 

OCCUPATIONAL DISEASES AND INDUSTRIAL MEDI- 
cing. By Rutherford T. Johnstone, M.D., Consult- 
ant in Industrial Medicine; Clinical Professor of 
Preventive Medicine and Public Health; Clinical 
Professor of Medicine, University of California at 
Los Angeles; and Seward E. Miller, M.D., Director, 
Institute of Industrial Health; Professor of Medicine, 
Medical School, University of Michigan; Professor of 
Industrial Health, School of Public Health, Univer- 
sity of Michigan, Cloth. Pp. 482, W. B. Saunders Co., 
218 W. Washington Square, Philadelphia 5, Pa., 
1960. 

SELECTED PAPERS FROM THE INSTITUTE OF CAN- 
cER RxsEARCH: RovAL CANCER HOSPITAL AND 
FROM THE Rovar Marsen Hosprrar—ig58. 


Volume 13. Cloth. Pp. 1016. The Chester Beatty 


Research Institute, Fulham Road, London, S. W. 3, 
England, 1960. 

Tue Normar SKULL; A Rorentcen Srupy. By 
Robert Shapiro, M.D., Chairman, Department of 
Radiology, Hospital of Saint Raphael, New Haven; 
Associate Clinical Professor of Radiology, Yale 
University School of Medicine; and Arnold H. 
Janzen, M.D., Assistant Radiologist, Hartford Hos- 
pital, Hartford; Former Chairman, Department of 
Radiology, Grace-New Haven Community Hospital 
and Yale University School of Medicine, New 
Haven. Cloth. Price, $18.00. Pp. 257, with 645 illus- 
trations. Paul B. Hoeber, Inc., 49 E. 33rd St., New 
York 16, N. Y., 1960. 

Die Cuyrrurcie pes MAGENSARKOMS. By Prof. 
Dr. A Gitgemann, Direktor der Chirurgische, Uni- 
versitatsklinik und Poliklinik, Bonn; and Dr. H. W. 
Schreiber, Wissenschaftl. Assistent an der Chirur- 
gische, Universitätsklinik und Poliklinik, Bonn. 
Paper. Price, $6.80. Pp. 95, with 31 illustrations. 
Georg Thieme Verlag, Herdweg 63, Stuttgart N, 
Germany, 1960. In the United States and Canada, 
Intercontinental Medical Book Corporation, New 
York 16, N. Y. 

Dre ocorerrALE Dyspztasiz. By Doz. Dr. H. 
Schmidt and Dr. E. Fischer, Medizinisches Strah- 
leninstitut der Universitat Tübingen. Paper. Price, 
$8.35. Pp. 69, with 69 illustrations. Georg Thieme 
Verlag, Herdweg 63, Stuttgart N, Germany, 1960. In 
the United States and Canada, Intercontinental 
Medical Book Corporation, New York 16, N. Y. 

La RADICULOGRAPHIE LOMBAIRE DANS LA SCIA- 
TIQUE. By J. Ecoiffier, Radiologiste des Hôpitaux de 
Paris. Paper. Pp. 140, with 51 illustrations. Masson 
et Cis iteurs, 120 Boulevard Saint-Germain, 
Paris 6°, France, 1960. ; 

LA STRATIGRAFIA NELLA PATOLOGIA DEL MEDI- 
ASTINO. By G. L. Besio; P. de Albertis; P. Pierotti; 
and M. Scursatone. Cloth, Price, L. 5,500. Pp. 254, 
with 171 illustrations. Società Editrice “Universo,” 
Via G. B. Morgagni 1, Rome, Italy, 1960. 

Mopern TRENDS IN Dracnostic RADIOLOGY 
(Third Series). Edited by J. W. McLaren M.A., 
M.R.C.P., F.F.R., D.M.R.E., Radiologist, X-Ray 
Department, St. Thomas’ Hospital, London; Exam- 
iner in Radiology to the Examining Board of Eng- 
land and to Edinburgh University; sometime Exam- 
iner in Radiology, University of London and Faculty 
of Radiologists. Cloth. Price, $16.00. Pp. 285, with 
209 illustrations. Paul B. Hoeber, Inc., 49 E. 33rd St., 
New York 16, N. Y., 1960. 

RapiaTion THERAPY or Earty Prostatic Can- 
cer. A Monograph in American Lectures in Urology. 
Publication number 399 in the American Lecture 
Series. By R. H. Flocks, M.D. and D. A. Culp, M.D., 
both of the State University of lowa Department of 
Urology, Iowa City, Iowa. Charles C Thomas, Pub- 
lisher, 301-327 E. Lawrence Ave., Springfield, Ill, 
1960. 
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ABSTRACTS OF RADIOLOGICAL 


LITERATURE 
Department Editor: T. Levcvrra, M.D., Harper Hospital, Detroit 1, Michigan 








ROENTGEN DIAGNOSIS 
NECK AND CHEST 


Basu, S. P.: Radiological appearance in the 
lung fields of tropical eosinophilia........ 
Franerty, R. AL, Kercan, J. M., and Srurre- 
vant, H. N.: Post-pneumonic pulmonary 
pneumatoceles. 0.0.0... eee 
Seariirr, T. H, Kummer, A. J., and Janzen, 
A. H.: The diagnosis of pericardial effusion 
with intracardiac carbon dioxide... ....... 


ABDOMEN 


Hiemscu, W.: A method for roentgen study of 
gastric function in the postoperative stom- 
HCH d Eas et iius nn 0e 

Pyre, R., and Samver, E.: An evaluation of 
the hazards of barium enema examinations. 

Brunton, F. J.: Retroperitoneal emphysema 
as a complication of barium enema. 

Euson, M. W.: Antemortem radiographic dem- 
onstration of gas gangrene of the liver. . 

Pognansxi, A. K.: Cyst of the left triangular 
ligament of the iver... ii aaau aaa 

Carour, J. et al: Contribution of cineradiog- 
raphy to study ef the function of the human 
biliary tract... 





GvNECCLOGY AND OBSTETRICS 


BENNETT, R.: Unequivocal radiological evi- 
e dence of intra-uterine foetal death includ- 
ing demonstration of gas formation within 
the foetal circulation: report of a case, and 
review of thirty-seven cases of foetal death.. 


GENITOURINARY SYSTEM 
Bénavp, CL., DEF RENNE, P., and Bressteux, 
R.: The value of laminagraphy in urographic 
studies of infants and children. 
Sauire, L. F., and Scurgogr, J. U.: Pyelog- 
raphy in renal disease with hypertension; 
correlation between pyelographic findings 
and differential renal function studies... ... 
Brown, J. J. eż al: The diagnosis and treat- 
ment of renal-artery stenosis. oa... 
ZugvTLIN, N., Hvenes, D., and O’LouGHuin, 
B. J.: Radiographic findings in renal vein 
thrombosis ts pernet i eet ase ka ERR EA ad 
Goxpos, B.: Rotation of the kidney around its 
transverse AXIS... eneen en 
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DEX TO ABSTRACTS 


SKELETAL SYSTEM 
Brocuer, J. E. W.: Constitutionally caused 
changes of the vertebral arches. . 
Ko tAk, T., and Vrapec, R.: Roenrgenologic 
findings in bones after injury by a high ten- 
sion electric current. 


GENERAL 
Krarre, E. C, CaupbaELL, J. A, and LURIE, 
P. R: Technical factors in selective cine- 
cardioangiography ......00.0..0..0.0.20-0005. 
Hopes, P. C., and Mosetey, R. D., fr.: Cine- 
fluorography employing split-image televi- 


KIRKPATRICK, J. A., and Ormsren, R. W.: 
Cinefluorographic study of pharyngeal func- 
tion related to speech. 

Mirer, E. R.: Cinefluorography in practice. 

Formax, M., Borpex, A. B., and GERSHON- 
Conen, J.: Improvement of diagnostic value 
of photofluorographic films by electronic 
means; a preliminary report. 

Scuwarz, G. S.: Kilovoltage and radiographic 
effect; investigation leading to a standard x- 
ray value scale (X.V.S.) system of simplified 
exposures for conventional and automatic 
radiography re meerde SE BAe qa s 

Reeves, J. D.: Progressive patient care in ra- 
diology., «ico tetur epo he Ses 


RADIATION THERAPY 
Larovurerre, H. B, Simons, C. S., and Lampe, 
I: A localization scheme for radiation ther- 
apy planning with the theratron. ......... 
Emery, E. W., Lucas, B. G. B., and Wittiams, 
K. G.: Technique of irradiation of conscious 
patients under increased oxygen pressure... 
DeGixper, W. L., and Lovett, B. K.: Accel- 
erated palliative radiation therapy of bron- 
chial carcinoma with 250-kv. roentgen rays. 
RusgNrELD, S., and Kaptan, G.: Treatment 
of bronchogenic cancer with conventional 
x-rays according to a specific time-dose pat- 


LouGurep, M. N., and Macurre, G. H.: Fr- 
radiation pneumonitis in the treatment of 
carcinoma of the breast 

Giss, J. R. ef al: Pulmonary radiation reac- 
tion: a vital-capacity and time-dose study. 

Korág, F., and Vragec, R.: Unusual bone 
damages following radiation treatment to 
the pelvic region... 
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ROENTGEN DIAGNOSIS 
NECK AND CHEST 


Basv, S. P. Radiological appearance in the lung 
fields of tropical eosinophilia. Calcutta M. Jay 
May, 1960, 57, 152-156. (From: School of 
Tropical Medicine, Calcutta, India.) 


Tropical eosinophilia appears to be a clinical en- 
tity but the etiology is unknown. Roentgenologically 
it is identical with Loeffler's syndrome. The author 
studied the chest roentgenograms of more than 400 
cases of tropical eosinophilia. The most common ab- 
normality was an increase in the vascular markings. 
'This occurred in 67 per cent of the patients and was 
usually associated with prominent hilar shadows. 
'The next most common abnormality was a mottling 
of the lung fields, occurring in 31 per cent of the pa- 
tients. The densities varied in size from 2 to ; mm., 
were usually poorly circumscribed, and were irregu- 
lar in outline. The author feels that a variation in the 
size of the densities is typical of tropical eosinophilia 
and helps differentiate it from other diseases such as 
sarcoidosis, pneumoconiosis, and miliary tubercu- 
losis. Fine densities and large patchy shadows were 
uncommon, The lungs had a normal appearance in 
only 2 per cent of the patients with tropical eosino- 
philia. 

The course of the disease was variable. Roentgen 
improvement tended to be slow and did not neces- 
sarily keep pace with the clinical improvement of 
the patient. In many instances follow-up roent- 
genograms showed a further increase in the abnormal 
densities, even though the patient had become symp- 
tom free and the eosinophil count was dropping. Im- 
provement tended to occur first in the peripheral 
lung fields, while the prominent hilar shadows re- 
turned to normal more slowly or remained perma- 
nently enlarged. Only 25 per cent of the cases showed 
normal chest roentgenograms within six weeks. Re- 
currences of symptoms and roentgen abnormalities 
were common, even after a remission of months or 
years.—F. L. Williams, M.D. 

Franerrty, Roperr A., Keecan, James M. 
and Srurrevant, Harwoop N. Post-pneu- 
monic pulmonary pneumatoceles. Radiology, 
Jan., 1960, 74, 50-53. (Address: R. A. Fla- 
herty, Lutheran Hospital, Fort Wayne, Ind.) 


The authors report 20 cases in which pulmonary 
pneumatoceles developed as a complication of pneu- 
monia and they discuss the mechanism of develop- 
ment, the roentgen appearance and the ultimate 
prognosis. Eight of the reported cases were children 
and 12 were adults. The etiologic factor in most 
cases in both age groups was staphylococcal pneu- 
monia. 

'The pneumatoceles are thin-walled, air-containing, 
cyst-like structures. They are believed to be the re- 
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sult of localized obstructive emphysema secondary 
to inflammatory narrowing of a bronchus. The most 
significant feature in patients with pulmonary pneu- 
matoceles is the absence of symptoms after the pneu- 
monia subsides and the pneumatocele remains. 
Eighteen of the 20 patients in the authors’ series 
were completely asymptomatic at the time the pneu- 
matocele was fully developed. When first identified, 
a pneumatocele appears as a small air space within 
the area of pneumonitis. As it enlarges, the wall may 
appear thick but the degree of thickness cannot be 
determined accurately because of the surrounding 
pneumonia. As the pneumonia resolves, the typical 
thin-walled cyst appears. The pneumatoceles may be 
single or multiple. They may contain fluid but 
usually are completely air-filled. Usually they disap- 
pear in a period of weeks or months following their 
onset, leaving a thin fibrotic strand in the area. 

Pneumatoceles occurring in infants must be dif- 
ferentiated from congenital cysts of the Jung and 
lobar emphysema. When a pneumatocele occurs in 
an adult, it may be confused with the thin-walled 
cavities which can occur in the mycotic infections. 
The clinical course and the recovery of Staphvlococ- 
cus aureus in the early stage of the inflammatory 
process are the best means of differentiating pneuma- 
toceles from cavities of a more serious nature — Arno 
JF. Sommer, M.D. 


Scarurr, James H., Kummer, ALFRED J., and 
Janzen, AnNorp H. The diagnosis of peri- 
cardial effusion with intracardiac carbon di- 
oxide. Radiology, Dec., 1959, 73, 871-883. 
(Address: J. H. Scatliff, Yale-New Haven 
Medical Center, Hew Haven 4, Conn.) 


The limitations of plain roentgenography, kymog- 
raphy, and fluoroscopy, and the added hazard when 
opaque angiography and pericardiocentesis are used 
to establish the diagnosis of pericardial effusion, are 
recognized. Intracardiac insufflation of carbon diox, 
ide into the right atrium as a means of differentiat- 
ing pericardial effusion from cardiac enlargement and 
pericarditis as reported by others has been evaluated 
in a group of 22 patients, correlating the findings with 
the clinical course or subsequent autopsy findings. 

With the patient in the left lateral decubitus posi- 
tion, an injection of so to 100 cc. of gas is made over a 
two to three second interval into the antecubital 
vein. The carbon dioxide, once in the right atrium, 
rises and outlines its uppermost surface. The opaque 
shadow or band outlined between the carbon dioxide 
bubble and the overlving lung consists of pleura, 
pericardium, and atrial wall. The thickness of this 
band can then be recorded and measured by ap- 
propriate roentgenographic procedures. Normally 
the shadow should be no more than 5 mm. thick. In 
the presence of pericardial effusion, the heart as- 
sumes a dependent position and the fluid, if freely 
mobile and in sufficient quantity, widens the space 
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between the pericardium and atrium producing a 
widened opaque band. In the large dilated heart the 
right atrial wall remains of normal size or its thick- 
ness is only slighty increased. Therefore, it is possible 
in most instances to differentiate between cardiac en- 
largement and significant pericardial effusion; how- 
ever, there is a zene, roughly between 5 and 20 mm., 
which may represent pericardial effusion, pericardi- 
tis, or both. Asymmetry of the opaque band suggests 
effusion, whereas constant uniform thickness of the 
opaque band and flattening of the dome of the gas 
bubble by the relatively inelastic pericardium indi- 
cate pericarditis. These findings are in general agree- 
ment with opaque angiographic studies reported by 
others. 

Confusing shadows, unless recognized as such, 
may be produced by the presence of gas in the vena 
cava and hepatic veins, the opaque density of the 
blood-filled left azrium overlying the right atrial gas 
shadow, the appearance of a compartmentalized gas 
shadow due to some of the gas collecting in a smaller 
volume of atrium above the crista terminalis, the ap- 
pearance of a heavily trabeculated atrial appendage, 
the presence of a gas bubble under a tricuspid valve 
in the right ventricle, and the presence of the shadow 
of a superimposed intermediate bronchus or ramify- 
ing pulmonary vessels. Pericardial disease such as 
benign or malignant tumors, metastases, multiple 
myeloma, sarcoidosis, or amyloid infiltration, if pres- 
ent in the region cf the right atrial wall, may displace 
the gas bubble, giving a false positive finding of fluid. 
Lesions within the right atrium such as tumor or 
thrombus will also produce an abnormal outline in 
the opaque band. In such cases opaque contrast 
studies may be irdicated, where opacification of all 
the cardiac chambers will give more information re- 
garding the extert of the lesion than the localized 
carbon dioxide study. Pulmonary infiltration in the 
vicinity of the right atrium or mobile right pleural 
fluid will obviate accurate assessment of the opaque 
band. 





Initially the patients were turned into the supine 
position at the conclusion of the examination, usually 
twenty to thirty seconds after the injection. One of 
the 15 patients manipulated in this fashion developed 
an episode of parexysmal coughing lasting for thirty 
minutes. This was the only one in the entire series in 
whom any comp/cation was manifested The re- 
sults of experimental studies on two dogs in which 
the nitrogen content of the bubble and femoral artery 
pressures were measured seem to indicate the possi- 
bility of embolism or hvpotensive effects develop- 
ing when the patient is turned on his back. Conse- 
quently the patients are now maintained in the left 
decubitus position after injection until complete re- 
sorption of the gas bubble has been checked after 
five minutes. 

Possibly the only contraindication to carbon diox- 
ide examination is the presence of a known large in- 
tracardiac shunt; however, even this is doubtful. A 
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further limitation of the technique is the necessity of 
placing the patient in the left decubitus position and 
maintaining that posture for at least ten minutes. If 
chronic lung disease or congestive failure is present, 
a preliminary trial in the left decubitus position may 
be made to check for development of unusual pul- 
monary symptoms, 

Several case reports are presented to illustrate the 
value of this procedure.—JFalter H. Yarvis, Fr., M.D. 


ABDOMEN 


Hremscu, W. Zur Methodik der röntgenolo- 
gischen Funktionspriifung operierter Magen. 
(A method for roentgen study of gastric 
function in the postoperative stomach.) 
Fortschr. a. d. Geb. d. Röntgenstrahlen u. d. 
Nuklearmedizin, April, 1960, 92, 395—401. 
(Address: Ev. Diakonissenanstalt, Hemmstr. 
124/126, Bremen, Germany.) 


Roentgen observation of 55 patients with gastro- 
enterostomies showed that ordinary barium passed 
rapidly through the gastric stump and resulted in an 
inadequate study of the function of the gastroenter- 
ostomy. When the following mixture was used-—1 
slice of white bread (about so gm.) in 100 cc. of milk 
and barium sulfate suspension ad 200 gm.-—the ap- 
pearance of the gastric stump was markedly changed. 
It became dilated like an atonic balloon and then 
emptied slowly in gradual spurts, so that the outline 
and mucosal pattern of the gastric stump as well as 
the proximal small bowel could be satisfactorily 
studied. Thus the mixture more closely approximates 
the conditions that obtain when food is taken. Fewer 
cases of "dumping" were found with this method.— 
Y. Zausner, M.D. 


Pyre, Rocer, and SawvEr, Erie. An evalua- 
tion of the hazards of barium enema exami- 
ations. Clinical Radiol | 6 
nations. Clinical Radiology, July, 1960, 77, 
192-196. (From: Department of Diagnostic 
Radiology, Royal Infirmary, Edinburgh, 
Scotland.) 


The widespread use of barium enema examinations 
has resulted in such familiarity with the procedure 
that a false sense of security has developed; a careful 
appraisal of the potential dangers of the investigation 
is made all too infrequently. As the examination is 
extensively used for exclusion of malignant disease, 
it naturally follows that many of the patients are 
elderly and frail and this in itself conszitutes a special 
hazard. 

Injury to the bowel wall from an incorrectly in- 
serted enema tube is the most commoa complication. 
The only tube which should be inserted blindly into 
the rectum is a soft rubber one, anc even this has 
been reported to perforate apparently healthy 
bowel. Where there is a colostomy, it may be neces- 
sary to administer the enema through it, and this is 
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another potential source of danger, as damage to the 
colon and perforation are more frequent in these 
cases than in a normal rectum. Safeguards against 
perforation are: the use of a rubber catheter, the use 
of a teat from a feeding bottle, to which the catheter 
is threaded and which is kept centrally in the stoma, 
the avoidance of force with the removal and reinser- 
tion of the tube should any difficulty be encountered, 
and insertion of the catheter to the minimum dis- 
tance compatible with adequate filling. Under nor- 
mal circumstances, using the gravity tank method of 
administration with the can at three feet, perforation 
from hydrostatic pressure may only occur in a dis- 
eased bowel. The high mortality associated with 
perforation should be an adequate warning against 
the temptation to raise the fluid reservoir higher to 
obtain a more rapid flow. 

Another serious complication of the enema is 
"water intoxication." Water retained or absorbed 
without electrolyte can lower the osmolarity of the 
body fluid and cause severe symptoms which are 
mainly cerebral. Water intoxication has been not in- 
frequently reported in cases of megacolon, and there 
have been several fatalities reported. Prevention of 
water intoxication by raising the osmotic pressure of 
the administered fluid by the addition of salt has 
been recommended and is simple to do; also, a saline 
solution is considered to be simple and safe in the ab- 
sence of renal and cardiac insufficiency. Barium 
enema in megacolon should be allowed to proceed 
only until the dilated segment is reached, at which 
stage the enema should be stopped. 

In a large series of barium enema examinations in- 
vestigated by Zhentlior, Lassar and Rigler, perfora- 
tion of the bowel was found to occur relatively more 
frequently under three circumstances: (1) when 
the enema was performed by way of a colostomy 
stoma; (2) when an inflatable balloon was used; and 
(3) when the examination followed shortly after en- 
doscopy. Intestinal obstruction due to the impaction 
of barium sulfate and feces into hard masses occa- 
sionally occurs. Ulcerative colitis carries a greater 
risk of perforation of the bowel, and barium enema in 
this condition should be most carefully and slowly 
administered. The use of a self-retaining inflatable 
Foley catheter counteracts leakage of the fluid from 
the rectum during the filling, but the air pressure 
should not exceed 25 mm. Hg within the bag. With 
the addition of tannic acid to the enema fluid to pro- 
mote good evacuation for a mucosal relief study, con- 
centrations of 0.5 per cent have given rise to abdomi- 
nal pain and colic, and a concentration of 1.0 per cent 
has been followed by vasomotor collapse and shock. 

Brown and Fine in 1941 reported an unusual com- 
plication when, during air insufflation for double 
contrast, air was seen to enter the retroperitoneal 
space. Retrosternal mediastinal emphysema and sur- 
gical emphysema in the neck developed, but the 
symptoms and signs cleared completely several days 
later. The authors report a similar case in which little 
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or no air remained in the bowel lumen, most of it ac- 
cumulating in the retroperitoneum. Twelve hours 
later surgical emphysema was noted in the neck and 
roentgenograms revealed a retroperitoneal pneumo- 
gram. Air was present under the diaphragm and in 
the mediastinum and neck. On sigmoidoscopy, at 10 
cm. there was a small area of proctitis, which, in the 
opinion of the endoscopist, was compatible with a 
perforation of the posterior recta! wal] at this point. 
However, the collapsed mucosal pattern of the rec- 
tum on the insufflation roentgenogram suggested 
that perforation had occurred within 5 cm. of the 
anus. Uneventful recovery occurred.—Samuel G. 


Henderson, M.D. 


Brunton, F. J. Retroperitoneal emphysema as 
a complication of barium enema. Clinical 
Radiology, July, 1960, 77, 197-199. (From: 
The Diagnostic Radiological Department, 
St. Mary’s Hospital, London, W.2, England.) 


The better known complications of barium enema 
examination include intraperitoneal perforation of 
the bowel, fatal intravasation, water intoxication 
and barium granulomata of the rectum. Retroperi- 
toneal emphysema, although less well known, is a 
recognized complication of sigmoidoscopy and of 
rectosigmoid surgical operations. The author de- 
scribes a case of widespread interstitial emphysema 
following air insufflation in an elderly woman with 
diverticulitis. 

The air leakage occurred during the insufflation, 
but the exact site was not ascertained. The possibility 
of rectal injury by the nozzle of the syringe or by a 
balloon obturator (used to retain the barium enema) 
is considered. Another possibility is that a diverticu- 
lum or mural abscess was perforated low in the sig- 
moid. Retroperitoneal emphysema developed and air 
was present in the perirectal area. Later, subcuta- 
neous emphysema was noted in the upper chest and 
neck, and air was seen also in the mediastinum. The 
patient was treated with intramuscular penicillin and 
streptomycin initially, and later with oral terramy- 
cin. She remained afebrile and the air was gradually 
absorbed within a period of a week. She suffered no 
other ill effects Samuel G. Henderson, M.D. 


Eson, Marrugw W. Antemortem radio- 
graphic demonstration of gas gangrene of the 
liver. Radiology, Jan., 1960, 74, 57-60. (Ad- 
dress: University Hospital, 1rth and Neil 
Aves., Columbus 10, Ohio.) 


The author presents what appears to be the first 
reported case of gas gangrene of the liver with posi- 
tive roentgenographic findings observed before 
death. The patient’s clinical history and the physical 
and autopsy findings are described in detail. Postero- 
anterior roentgenograms of the chest and a supine 
roentgen examination of the abdomen showed nu- 
merous isolated and confluent clusters of gas bubbles, 
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corresponding in location to the entire right lobe of 
the liver, along with a small amount of free air be- 
neath the right leaf of the diaphragm. Death ensued 
shortly after the roentgenologic examination. The 
roentgenographic findings were subsequently con- 
firmed at autopsy. 

Many investigators have demonstrated that gram- 
positive anaerobic spores are extensively distributed 
in nature and that they are relatively avirulent. 
They require an ideal environment to become patho- 
genic. The author presents this report of clostridial 
infection in the liver of a diabetic patient to demon- 
strate that gas gangrene may develop in the liver 
prier to death. M. McBride, M.D. 


POZNANSKI, ANDREW K., Cyst of the left tri- 
angular ligament of the liver. Radiology, Dec., 
1959, 73, 896-897. (Address: Henry Ford 
Hospital, Detroit 2, Mich.) 


A study of the literature by the author revealed 
only 7 cases in which a cyst was located in one of the 
hepatic ligaments. In 4 of these 7 cases the cyst was 
located in the hepatic ligament, and in the other 3 
cases in the ligamentum teres. These cysts may be 
classified as primary or secondary. Primary cysts 
may be of lymphangitic origin, or due to a develop- 
mental defect, or the result of peritoneal inclusion. 
The symptoms are variable, but a number of the pa- 
tients have pain in the epigastric region, indigestion, 
or a full feeling more marked after meals. While the 
size of the cysts is variable, they are usually large and 
palpable. In a few of these cases roentgen examina- 
tion of the gastrointestinal and renal systems was 
done, and in several instances an extrinsic pressure 
defect of the gastrointestinal tract was noted. Patho- 
logically, the cyst in most cases was unilocular with a 
smoeth endothelial lining and was filled with a clear 
or slightly cloudy serous fluid. 

The author presents a brief review of the literature 
and reports 1 additional case in which the location of 

ethe cyst was in the triangular ligament of the liver. 
The cyst produced an indentation upon the stomach 
filled with barium and air. The indentation was 
shown by pneumoperitoneum to be a mass that was 
separate from the stomach and the diaphragm except 
for a fibrous attachment to the latter. 

This cyst differed from the others which have been 
reported in its location and the fact that it contained 
hepatic tissue. None of the cysts were diagnosed prior 
to surgery”. M. McBride, M.D. 


Carout, J., Porcrer, P., Peauicnor, G., and 
Derarrre, M. Contribution of cineradiog- 
raphy to study of the function of the human 
biliary tract. 4m. J. Digest. Dis., Aug., 1960, 
5, 677-696. (From: University of Paris and 
Sant Antoine Hospital, Paris, France.) 





The authors studied by cineroentgenography the 
function of the common bile duct and the conditions 
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of reflux into the duct of Wirsung. The cineroent- 
genograms were correlated with manometric studies 
carried out through an indwelling T-tube. Thirty- 
five per cent diodone was the contrast agent. The 
pressures were controlled and a synchronizer per- 
mitted determination of the pressure employed at 
the time of each roentgenogram. 

The kinetics of contraction of the sphincter of Oddi 
were studied. The most frequent type of contraction 
was "antiperistaltic" in which the contraction wave 
moved from the ostium to the common duct. The 
opening of the sphincter was the reverse of this proc- 
ess, the widening starting at its superior point and 
progressing downward. In 1 of their patients the 
cineroentgenograms showed the mechanism of pseu- 
docalculus formation in the lower common duct. 
Strong contraction of the sphincter caused the 
opaque medium to disappear completely. However, 
the pressure of the injection caused a dilatation of 
the distal common duct just above the sphincter. 
The lower border of the opaque medium was con- 
cave downward and simulated an ovoid filling defect. 

The cineroentgenographic studies demonstrated 
that relaxing agents such as atropine sulfate changed 
the rhythm of contraction and relaxation, the sphinc- 
ter remaining open for a longer period of time and 
closed for a shorter period. Morphine had an oppo- 
site effect. 

The sphincter of Oddi was shown to be capable of 
autonomous muscular action, but its contraction 
could also be initiated when a duodenal wave reached 
the region of the ostium. 

The cineroentgenographic studies demonstrated 
reflux into the duct of Wirsung in 30 per cent of the 
patients. When the anatomic features of the duct of 
Wirsung were normal, there was a kigher incidence 
of reflux when the common duct pressure was in- 
creased or when the region of Oddi was relaxed by 
drugs or by a fatty meal. This was not true when the 
anatomic conditions were abnormal. L. Wil 
liams, M.D. 


GYNECOLOGY AND OBSTETRICS 


Bennett, Ronerr. Unequivocal radiological 
evidence of intra-uterine foetal death, includ- 
ing demonstration of gas formation within 
the foetal circulation: report of a case, and re- 
view of thirty-seven cases of foetal death. 
Clinical Radiology, July, 1960, 17, 200-204. 
(From: King Edward Memoria’ Hospital for 
Women, Perth, Australia.) 

Various signs of intrauterine feta! death which 
have been described include the following: (1) over- 
riding of the skull bones with cephalic asymmetry 
(Horner, 1921; Spalding, 1922); (2) disproportion be- 
tween fetal maturation and the estimated period of 
gestation; (3) absence of continued fetal growth with 
serial roentgenographic examinations; (4) absence of 
change in position of the fetus and particularly of its 
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extremities on serial roentgen examination; (5) for- 
mation of an angular kyphos in lumbar or dorsal 
spine; (6) collapse of thoracic cage; (7) roentgen evi- 
dence of gas in fetal circulation (Roberts, 1944); 
(8) the “halo sign,” described by Deuel in 1947, due 
to increase in the width of the soft tissues between 
the radiolucent subcutaneous fat of the scalp and 
the bones of the fetal cranial vault; (g) disalignment 
of fetal skull bones at the coronal and lambdoid su- 
tures prior to the tenth lunar month of pregnancy 
and in the absence of labor pains (Borell and Fern- 
strom, 1968). Such disalignment must occur before 
overlapping of the cranial bones is possible. 

Gas in the fetal circulation appears early in com- 
parison with other roentgen signs and may be seen 
within three days of the estimated time of death. 
Definite demonstration of such gas is an irrefutable 
sign of fetal death. If gas is present in sufficient 
quantity and in branching vessels and is unobscured 
by confusing shadows (such as maternal bowel gas, 
radiolucent fat layer of maternal psoas muscle, well- 
developed fetal subcutaneous fat layer around the 
extremities), it may at once be recognized by its bi- 
zarre appearance like gas in the biliary tree. This ap- 
pearance is produced by gas in the portal vessels. 
Gas in umbilical vessels also will produce a charac- 
teristic shadow, sometimes with a round "end-on" 
appearance of the coiled vessels. Gas in the fetal 
heart can readily be identified by its position in the 
fetal thorax and its roughly triangular shape with the 
base caudad. The main dorsal vascular trunks pro- 
duce characteristic parallel-walled and fairly wide 
gas streaks following the curve of the fetal spine. 

A case is reported in which evidence of fetal intra- 
vascular gas and Deuel’s halo sign were present, per- 
mitting unequivocal roentgenologic confirmation of 
fetal death. A review of roentgenograms of 36 pa- 
tients who underwent prepartum roentgenographic 
examination showed evidence of fetal intravascular 
gas formation in 5. This review showed that Spald- 
ing's sign (overlapping of cranial bones) and evidence 
of lack of fetal tone were the most consistently help- 
ful roentgen signs in arriving at a diagnosis of fetal 
death. Samuel G. Henderson, M.D. 





GENITOURINARY SYSTEM 


Béraup, CL., DErrRENNE, P., and BRESSIEUX, 
R. Intérêt de la tomographie dans l'uro- 
graphie du nourrisson et de l'enfant. (The 
value of laminagraphy in urographic studies 
of infants and children.) T. de radiol., d élec- 
trol. et de méd. nucléaire, May, 1960, 47, 230- 
235. (From: Clinique médicale infantile et 
Service de Radiologie, Hôpital Debrousse, 
35 Chemin Saint-Irénée, Lyon-5*, France.) 


E 





Laminagraphy performed during urographic pro- 
cedures may give important information which could 
not be obtained by other methods. 
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Many difficulties are encountered during urogra- 
phy in infants, For introduction of the iodine me- 
dium, venous injection by epicranial or jugular punc- 
ture is recommended and has been used in all the 
cases of the authors. A dose of 4 to 10 cc. of a 25 per 
cent trijodinated solution was found to be practical. 
Subcutaneous or intramuscular injection with hy- 
alorunidase is painful, favors air-swallowing and is 
to be avoided. The presence of gas in infants, par- 
ticularly in those with infection, is an objection to 
the use of abdominal compression. The administra- 
tion of an antihistaminic drug is valuable for its 
quieting effect. Compression is not used to minimize 
agitation and this is compensated for by employing a 
cephalad Trendelenburg position which helps to keep 
the opaque medium more dense in the pyelocalyceal 

cavities. 

As regards the laminagraphic technique, the indi- 
cation for it depends on what is being looked for and 
what has been revealed in the earlier urographic 
roentgenograms. Its use is preferred in cases of ab- 
dominal distention in infants. The method consists 
of obtaining an early excretory roentgenogram taken 
after three minutes with fixed grid and high kilo- 
voltage at 2/100 second. Then laminagrams are 

taken, more to evaluate the anatomic status than to 
study "the renal function. Late laminagrams made in 
cases of renal anomalies are valuable for study of the 
ureters and bladder. The depth for useful lamina- 
grams is from 3 to § cm. from the dorsal plane. The 
constant factors fora manual laminagram of an eight 
month old infant are 0.3 sec., 64 kv. and 100 ma. 
Automatic laminagraphy has been done at 1.0 second 
and with a 38° angle. In older and more cooperative 
children, an angle of 45° is preferred. To reduce radi- 
ation hazards, when standard urography is sufficient, 
routine laminagraphy should be omitted; however, 
in infants the expected results justify the systematic 
use of laminagraphy. 

Among the great advantages of urolaminagraphy 
are the effacement of abdominal gases and the sharp 
delineation of renal contours. The spine may be* 
studied for malformations and often the ureters can 
be seen in their full length, being located less than 1 
or 2 cm. anterior to the renal plane. However, con- 
cretions of nephrocalcinosis are too fine to be visual. 
ized. 

In conjunction with 281 urographic examinations 
performed in two years in their pediatric service, the 
authors made 52 excretory laminagrams, of which 31 
were of children two years of age and 21 of children 
ranging in age from two to ten years. Laminagraphy 
was of decisive help in 3 children over two years of 
age, and in 12 children less than two years old. 

If laminagraphy is to be systematically used in in- 
fants, the authors recommend it in children affected 
with myxedema, renal infection or insufficiency or in 
those with a c lilated colon. In cases of tumor of the 
left hypochondrium, urolaminagraphy will differen- 
tiate an enlarged spleen from a big kidney, thus 


avoiding the need of a retropneumoperitoneum.— 

H. P. Lésesque, M.D. 

SQUIRE, Lucy Frank, and SCHLEGEL, JORGEN 
U. Pyelography in renal disease with hyper- 
tension; correlation between pyelographic 
findings and differential renal function 
studies. Radiology, Dec., 1959, 73, 849-864. 
(Address: L. F. Squire, Strong Memorial 
Hospital, Rochester 20, N. Y.) 


Experience over the past thirty vears has shown 
that certain cases of hypertension are related to renal 
disease and that this hypertension may be curable if 
recognized before the heightened pressure becomes 
fixed. Studies have shown that a relative renal is- 
chemia of still viable parenchyma may be the cause 
of this type of hypertension and that, in some cases, 
removal or repair of the guilty kidney tissue may re- 
sult in a cure. 

'The purpose of this paper is to alert the radiologist 
to the limitations of the role he can play in helping 
the clinician select the salvageable patient. Seven- 
teen hypertensive patients in whom complete studies 
were done are reported, with special emphasis on the 
correlation of intravenous pyelograms with differen- 
tial kidney function studies. In all but 1 of these pa- 
tients, excretion of the opaque medium was of good 
density on both sides, in spite of striking unilateral or 
bilateral depression of function, showing that the in- 
travenous pyelogram is not helpful in indicating a 
malfunctioning kidney in the absence of morphologic 
changes. Furthermore, additional pyelographic find- 
ings, blood chemistry, urine and conventional func- 
tion studies were often found to be normal in patients 
with renal ischemia due to some tvpe of arterial ob- 
struction. Causes of this obstructive arterial disease 
include: aberrant arteries, renal artery aneurysm, ob- 
struction due to embolus, thrombosis, plaques and 
intimal proliferation, renal infarct, constriction of 
arteries in scar tissue secondary to trauma, and pye- 

*lonephritis. 





The authors feel that, where no known contraindi- 
cation exists, aortography should be performed in 
hypertensive cases in addition to differential kidney 
function tests with catheters in both ureters and si- 
multaneous measurement of inulin clearance (glo- 
meruiar filtration rate), volume in cubic centimeters 
per minute, and P.A.H. (para-aminohippuric acid) 
clearance (renal flow). Such studies often indicate de- 
pression of function on one side in the salvageable pa- 
tient when all other means of discovering unilateral 
renal disease have failed, or they may prove the 
presence of bilateral disease, which would preclude 
operative intervention on the kidneys. The func- 
tional state of the good kidney may also be estab- 
lished by these studies. Donald N. Dysart, M.D. 


Brown, J. J., Owen, K., Peart, W. S., Ros- 
ERTSON, J. I. S., and Surron, D. The diag- 
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nosis and treatment of renal-artery stenosis. 
Brit. M. F., July 30, 1960, 2, 327-338. (From: 
St. Mary's Hospital, London, England.) 


This paper constitutes a complete and thorough 
discussion of the problem of renal artery stenosis and 
is based upon the study of 22 patients. The disease is 
discussed with reference to clinical features, etiolo 
incidence, family history, pathology, diagnost: 
techniques, treatment and results. The roentgeno- 
logic aspect is covered in a discussion of the plain 
roentgesographic, intravenous pyelographic and 
retrograde aortographic findings. 

The most common cause of renal artery stenosis is 
the atheromatous plaque. The ages in the present 
series ranged from seventeen to sixty-five years, the 
largest number being in the older group. A large per- 
centage of the patients was found to have concur- 
rent evidence of disease elsewhere, że., intermittent 
claudication, ischemic heart disease, stroke, etc. A 
positive family history was only occasional. Physical 
examination and laboratory work may reveal hyper- 
tension, abdominal bruit, hypertensive retinal 
changes, polyuria, hypokalemia, proteinuria, and in- 
creased eukocyte excretion rate. 

Special investigations in this disease include inde- 
pendent ureteric catheterizations and urinalysis for 
volume, sodium concentration, chlcride concentra- 
tion, inulin, creatinine and P.A.H. clearances and 
concentrations. In renal artery stenosis, output is 
decreased, concentration of sodium and chloride is 
decreased, clearance of inulin, creatinine and P.A.H. 
is inhibited and urinary concentrations of these sub- 
stances are Increased. 





In many cases of renal artery stenosis, the kidney 
is noted on the plain roentgenogram to be smaller 
than the opposite. Intravenous pyelegraphy is help- 
ful in. that the affected kidney, because of its in- 
creased concentration of inulin, concentrates the con- 
trast medium better than the normal kidney. As a 
result, the affected kidney shows better contrast on 
an intravenous pvelogram than dces the normal 
kidney. In cases of severe damage, however, this no 
longer holds true and poor function will be evident. 

Selective retrograde aortography, using a varia- 
tion of Odman's technique, was usec to investigate 
the size of the renal arteries. Using this method, ¢ cc. 
of hypaque or urografin was injected directly into 
the renal artery. On occasion, inject-on of the con- 
trast medium into the aorta was also done, on with- 
drawal. It was noted that the tip af the catheter 
caused stress phenomena which often had the ap- 
pearance of stenosis. 

Surgical correction. should be undertaken only 
after intra-arterial pressures are taken to determine 
à pressure-drop across the stenosis. 

Corrections should be limited to reconstruction if 
possible, and nephrectomy should be performed only 
if necessary. No operative deaths were encountered 
and § out of 6 operated patients experienced marked 
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resolution of their hypertensive disease. Pathologic 
studies of the affected kidneys showed tubular dam- 
age to be the most constant finding. 

The details of all cases are tabularized.—77. C. 
MacCarty, Fr., M.D. 


ZHEUTLIN, Norman, Hucues, Dixon, and 
O'LovcnttiN, Bernarp J. Radiographic find- 
ings in renal vein thrombosis. Radiology, 
Dec., 1959, 77, 884-890. (Address: N. Zheut- 
lin, University of California Medical Center, 
Los Angeles 24, Calif.) 


The clinical syndrome of renal vein thrombosis oc- 
curs most frequently in children, over so per cent of 
the patients being less than five years of age. Ieo- 
colitis is considered to be the chief predisposing cause 
in the young. In adults the condition may be sec- 
ondary to thrombosis of the inferior vena cava with 
extension into the renal veins. Malignant growths of 
the kidney produce occlusion by direct invasion or by 
extrinsic pressure. In some reported cases, primary 
renal disease such as amyloidosis, glomerulonephri- 
tis, and malignant hypertension has produced throm- 
bosis of the renal vein. There are few clinical cases in 
which a definite diagnosis is made. Although the 
roentgenographic findings reported to be associated 
with the syndrome are bizarre, they are not incom- 
patible with the disease. It is possible to postulate 
different degrees of progression in vein thrombosis, 
producing gross changes in the kidney parenchyma 
and resulting in variable roentgenographic patterns. 
Thus, in acute thrombosis with massive infarction 
and perirenal hemorrhage, the intravenous pyelo- 
gram will show an enlarged nonfunctioning kidney. 
The retrograde pyelogram then shows the diffusion 
of the contrast agent into the kidney mass with an 
amorphous distribution of density. When one en- 
counters a chronic, slowly progressive renal vein 
thrombosis, it is highly likely that adequate collat- 
eral circulation will take over the venous function, 
resulting in a relatively normal kidney. Between 
these two extremes lie the changes produced by 
renal edema. Here one may see the “polycystic” de- 
formity and the incomplete and irregular pelvis. 

Experimental surgical occlusion of the renal vein in 
dogs was performed in an attempt to reproduce renal 
changes. In acute occlusion, retrograde pyelograms 
made at hourly intervals showed increasing diffusion 
of the medium into the kidney. Attempts to produce 
renal changes on urograms in experiments simulating 
chronic venous occlusion were unsuccessful. 

Three cases of renal vein thrombosis in man are 
briefly summarized. A urogram in one was inter- 
preted as showing a polycystic kidney. In another, 
roentgenography was reported to show bilateral 


renal edema— Walter H. Jarvis, Jr, M.D. 


GoNpos, Bera. Rotation of the kidney around 
its transverse axis. Radiology, Jan., 1960, 74, 
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19-24. (Address: 1720 Connecticut Ave., 
N. W., Washington, D. C.) 


Rotation of the kidney about its transverse axis 
may be recognized on anteroposterior abdominal 
roentgenograms or urograms. The kidney is normally 
held in position by the fatty capsule, the renal fascia, 
the support of adjacent organs, intra-abdominal 
pressure, and the vascular pedicle. Án increase in 
size of one or more of the adjacent organs, or a change 
in position, may cause encroachment upon the space 
available for the kidney, thus forcing the kidney to 
try to accommodate itself with a shorter diameter in 
the direction of encroachment. The vascular pedicle 
acts as a falcrum and the lower pole is tilted ante- 
riorly. This almost exclusive direction of rotation with 
the lower »ole tilted anteriorly can be explained by 
the relative rigidity and solidity of the structures of 
the upper abdomen compared with the softer struc- 
tures of the lower abdomen. The peritoneum has no 
significant role in rotation, and attempts to localize 
a mass as to its intra- or retroperitoneal position have 
been unsuccessful. In rotation around the transverse 
axis, the space-occupying agent acts on the vertical 
axis of the bodv, and it makes no difference whether 
the liver, gallbladder, spleen, or adrenal gland is the 
enlarged organ. There is no essential difference, with 
regard to *he encroachment, whether the mass is ad- 
jacent to the upper or lower pole or is a tumor of the 
kidney itself, 

Clinically, rotation around the transverse axis may 
be a useful sign in localization of abdominal masses 
as it is common with tumors of the kidnev, or may 
be associated with displacement caused by the en- 
largement of adjacent organs. Recognition of rota- 
tion js important to avoid interpreting a blunted 
“lower pole" as a cyst or tumor, or to avoid incor- 
rectly diagnosing a hypoplastic or contracted kidney. 
Rotation is also common with a ptosed kidney. 
7. C. Moore, M.D. 

SkELETAL SYSTEM . 
Brocseg, J. E. W. Konstitutionell bedingte 

Veränderungen des Wirbelbogens. (Consti- 

tutionally caused changes of the vertebral 

arches.) Fortschr. a. d. Geb. d. Röntgenstrahten 

u. d. Nuklearmedizin, April, 1960, 92, 363- 

380. (Address: Place Claparède 5, Geneva, 

Switzerland.) 

The various parts of the vertebrae arise from dif- 
ferent groups of embryonic cells. Those cells which 
surround the chorda dorsalis ventrally form the 
chordal process. A dorsal group of cells grows in 
layers around the medullary tube and forms the 
neural processes via a cartilaginous phase. The latter 
may be recognized in a 12 mm. embryo (measured 
from head to sacrum). In the zo mm. embryo, peri- 


chondral ossification of the vertebral arches takes 
place. The vertebral body is the only part of the 
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spine to develop via endochondral bone formation. 
The form and shape of the vertebral arches vary with 
the development of the neural tube. When the latter 
is experimentally removed, the vertebral arches de- 
velop hypoplastically. On examination of the entire 
spine, it is apparent that there is a proportional re- 
lationship between the form and size of the pedicles, 
the extent of the pars interarticularis, the posterior 
portion of the arch, and the articular process. These 
relationships vary with the spinal region as well as 
with the constitutional type of the individual. Patho- 
logic changes which occur in the vertebral arches dif- 
fer and sometimes are in sharp contrast to alterations 
in other osseous segments of the spinal column. 

The greatest portion of the osseous-ligamentous 
border of the spinal canal consists of the vertebral 
arch. Only at the level of the atlas is the anterior 
border formed by the transverse ligament, whereas 
from C2 to Lg it is formed by the posterior wall of 
the vertebral body or the intervertebral disk, respec- 
tively. The lateral borders of the spinal canal are 
made up as follows: at the atlas, by the lateral 
masses; at C2 to C6, chiefly by the laminae; at C7 
and D1, by the pedicle (one-third) and the laminae 
(two-thirds); at Da to Dra, mainly by the pedicle; 
at Lr to L4, one-half by the pedicle and laminae, 
each; at Ls, one-third by the pedicle and two-thirds 
by the laminae. The posterior borders consist of the 
medial portion of the laminae. 

The shape and size of the spinal canal vary at dif- 
ferent levels of the spine. From C1 to C7, it is one- 
half the size of the corresponding arches; from Dr to 
Drait is practically round; from Lt to L4, polygonal; 
and at Ls, triangular. The transverse diameter in the 
lumbar area is 20-22 mm. and the anteroposterior di- 
ameter is 16-18 mm. The normal anteroposterior di- 
ameter at the atlas is 22-26 mm. (roentgenogram 
taken at 150 cm. distance). A decrease of 10 mm. or 
more suggests spinal cord compression. This meas- 
urement is also decreased in atlanto-axial subluxa- 
tion due to congenital weakness of the transverse or 
ether ligaments. Displacement of the odontoid proc- 
ess may be explained by similar factors. Such con- 
genital abnormalities have not been recorded at any 
other level from C2 to Ls. 

The anterior portions of the arch, the pedicles, are 
particularly important, for example, in the measure- 
ment of the interpedicular spaces in spinal cord tu- 
mors. Congenitally short pedicles are typically found 
in chondrodystrophy (achondroplasia). An analo- 
gous situation in the rare entity of chondroectoder- 
mal dysplasia is described by Caffey. The so-called 
"extremity dwarf" presents a variety of vertebral 
malformations: small vertebral body, short pedicles, 
decrease in interpedicular distance, and a narrow 
foramen magnum. In the lumbar area, a decrease in 
the size of the pedicle produces sciatic pain. Butter- 
fly- and hemivertebrae are associated with thick and 
wide pedicles, examples of the contrasting responses 
in various parts of the spine. In other words, these 
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anomalies present hyperplasia in one site and hypo- 
plasia in another. 

The middle portion, pars interarticularis or isth- 
mus, offers the most frequent examples of congenital 
defects. The isthmus normally is short, so the axes 
of the intervertebral joints lie in the same plane. In 
spondylolisthesis, besides the usual defect, there is 
lengthening and angulation of the pars interarticu- 
laris. It is also lengthened in pseudospondylolysis. 
These defects are probably due to abnormal resorp- 
tive changes on a congenital or constitutional basis. 
Less common are narrowing, thickening, or sclerosis 
of the isthmus. Spondylolisthesis may be associated 
with hypoplasia as well as with abnormality of form 
and position of the articular process. 

The posterior border of the spinal canal consists of 
the laminae. At birth, the entire vertebral column is 
open posteriorly. Closure takes place from C3 to Cs 
at the end of the first year; at Ca at the end of the 
second year; and at C1 at the end of the fourth year. 
A physiologic spina bifida is seen in 33 per cent until 
the seventh year. The most frequent sites for spina 
bifida are at transitional levels of the spinal column, 
especially in the lumbosacral region where the inci- 
dence is 100 per cent at birth, 81 per cent in the fifth 
year, 44 per cent in the fifteenth year, and 10 per 
cent in adults. Spina bifida of the atlas is found in 3 
per cent of adults and is best demonstrated by 
laminagraphic study. Spina bifida may often be as- 
sociated with a myelocystocele, myelomeningocele, 
or a meningocele. However, not every patient with a 
spina bifida and neurologic complaints has one or 
another of the mentioned anomalies of the spinal 
canal. A rare defect of the laminae of Ls, just pos- 
terior to the isthmus, is called a “retroisthmic cleft” 
and is usually accompanied by a spondylolisthesis of 
the contralateral side. In cleidocranial dysostosis, 
spina bifida with wide gaps or delayed closure is com- 
mon. Hadley described a case of spira bifida of the 
entire spine in a six month fetus due to failure of the 
neural process to surround the notochord. This con- 
dition is incompatible with life. 

Posterior “blocked vertebrae” involve the laminae 
and spinous process, rarely the intervertebral joint, 
and never the pedicle. The congenital anomaly dif- 
fers from the acquired type (postinfectious or post- 
traumatic), since the latter only involves the body 
and is usually confined to two adjacent vertebral 
bodies. Hadley states that a round intervertebral 
foramen is characteristic of congenitally “blocked 
vertebrae,” whereas it is concha-shaped in the ac- 
quired condition.—7. Zausner, M.D. 


KorÁk, J., and Vrasec, R. Röntgenologische 
Knochenbefunde nach der Hochstromverlet- 
zung. (Roentgenologic findings in bones after 
injury by a high tension electric current.) 
Fortschr. a. d. Geb. d. Röntgenstrahlen u. d. 
Nuklearmedizin, April, 1960, 92, 385—394. 
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(Address: J. Kolát, Radiologische Klinik der 
Karls-Universität, U nemocnice 2, Praha 2, 
Tschechoslowakei.) 


Routine skeletal surveys and interval examina- 
tions will often disclose unsuspected lesions in pa- 
tients who have been injured by a high tension elec- 
tric current passing through their bodies. Changes 
occur at some distance from the actual path of the 
current as well as at the site of contact. Careful ex- 
amination is required to detect hairline interruptions 
of the cortex or minor changes within the osseous 
architecture. Even these slight changes may not oc- 
cur until several weeks after the trauma. Jellinek be- 
lieves that the electric current acts as a mechanical 
trauma. Jenny advances the theory that an electric 
splintering in the bone causes an increase in intra- 
osseous pressure due to evaporation of the fluid con- 
tent of the bone. 

The most frequent lesion is a linear or star-shaped 
fracture with a distinct or indistinct border. Cavitary 
lesions were found in 3 patients several years after 
the trauma. Bone necrosis usually has a good prog- 
nosis, although occasionally osteomyelitis and se- 
questration may follow. Periostitis is common and is 
probably due to infection or inflammation of the soft 
tissues. Subperiosteal hemorrhage produces changes 
similar to those in scurvy. Expansion of a phalanx 
resembling spina ventosa has also been observed. A 
six year old girl, who sustained an injury by a 220 
volt charge, developed spontaneous sloughing of a 
distal phalanx, the fifth metacarpal and the distal 
third of the ulna. Neurotrophic changes similar to 
those in leprosy have been noted in the tips of the 
extremities. 

In younger individuals a variety of developmental 
changes may occur. These include epiphyseal de- 
formities, alteration of the metaphyses, hypoplasia, 
and occasionally hyperplasia. The latter may be due 
to hyperemia in cases of third or fourth degree burns 
or to the purulent complications. Joint involvement 
is also fairly common and may result in contractures, 
complete loss of mobility, subluxation, and, if infec- 
tion supervenes, destruction of articular surfaces, 
ankylosis, and spontaneous amputation. Para- 
articular calcifications and ossifications have been 
observed. In 2 cases, after electrical injury osteochon- 
dritis dissecans occurred in the head of a metatarsal 
and metacarpal bone, respectively. 

In general, healing progressed satisfactorily within 
several weeks, even with rather serious atrophy. 
Occasionally, several years elapsed before complete 
healing took place, particularly when the necrosis 
was rather severe. When infection of the soft tissues 
occurred, the prognosis was less favorable. Several 
cases required amputation because gangrene had set 
in.—7. Zausner, M.D. 


GENERAL 
Kuatre, Eucene C., CAMPBELL, JOEN A., and 
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Lurie, PauL R. Technical factors in selec- 
tive cinecardioangiography. Radiolegy, Oct., 
1959, 73, 539-547. (Address: E. C. Klatte, 
1100 W. Michigan St., Indianapolis, Ind.) 


In obtaining over 300 cinecardioangicgrams on 
16 mm. film in the past two years, various technical 
details which may critically influence the diagnostic 
yield of this procedure have been evaluated. The 
unsharpness factor of the film image can be slightly 
reduced by using a 0.3 mm. instead of a 1.0 or 2.0 
mm. focal spot; however, its use for cine-work is lim- 
ited by the local heat capacity of the face of the 
anode. For this reason a 0.5 and 1.0 mm. focal spot 
combination on a high voltage tube appears most 
useful at present for cine-work. 

Since the field size is a critical limitation in cine- 
roentgenography, the image magnification factor is 
important, This is primarily a problem of engineering 
design since the magnification is decreased by in- 
creasing the target table-top distance and by de- 
creasing the image tube front input phosphor dis- 
tance. Also, since some spot roentgenogram devices 
remove the image tube front away from the patient, 
there is a distinct advantage in mounting the image 
tube on the table without interposition of a spot 
roentgenogram device. Image intersification itself 
can be used only to decrease radiatian dose to a cer- 
tain level, beyond which film detail suffers signifi- 
cantly. The focal length of the lenses wil also alter 
the size of the film image, and with the | mited field 
size available it is better to frame the entire image so 
that none of the picture will be cut aff. Within these 
technical limitations one should strive for the fastest 
lens system possible to assure lower radiztion doses. 

The greatest and perhaps the oniy acvantage of 
35 mm. cineroentgenography is that the larger film 
frame allows better image detail because the reduc- 
tion ratio of the original image is critical y less than 
with 16 mm. film; however, cinecardioanziograms of 
comparable diagnostic yield can be readity produced 
on 16 mm. films with a significant decrease in radia, 
tion dose, cost, and handling problems. 

The radiation dose to the patient de»ends upon 
many factors. In general, though, the diagnostic 
yield is much greater and the dose to the patient sig- 
nificantly less than with rapid cassette changers. 
With proper protection the radiation dose to the op- 
erator is less than 1.0 mr per examination. A high 
quality 16 mm. analyzing projector is recessary to 
appreciate fully the advantages of the cine-film 
method in cardioangiography. Also, higk quality se- 
lective cinecardioangiography depends significantly 
on the proper catheter, contrast medium, injector, 
and positioning of the patient. Film with high con- 
trast characteristics and fine grain size is more im- 
portant in cinecardioroentgenography than high 
speed characteristics, and Eastmaa Kodak Linag- 
raphy Shellburst film was found to oroduce the 
highest quality cinecardioangiograms. X.ray de- 


veloper has been used in processing the film and a 200 
fcot strip has been successfuly processed in an East- 
man Kodak X-Omat by attaching the end of the film 
te an x-ray film.—Walter H. Jarris, Jr., M.D. 


Hopes, Paur C., and Mosrrey, Rogert D., 
Jr. Cinefluorography employing split-image 
television type image amplifiers. Radiology, 
Oct., 1959, 73, 548-556. (Address: P. C. 
Hodges, g50 E. sgth St., Chicago, Ill.) 


The authors describe in detail the roentgen-ray 
image amplifier recently developed by General Elec- 
tric Co. This amplifier is a television type amplifier 
and differs from others in that it is directly sensitive 
to roentgen rays without the necessity of first con- 
verting them into visible light. The construction and 
eration are discussed and certain important dif- 
ferences between it and the amplifiers of Westing- 
house, Philips, Morgan, and Moon are pointed out. 

This General Electric image amplifier employs a 
tube which the manufacturer calls an X-icon. It is 
sirapler than the tubes of Westinghouse and Philips 
and, unlike them, allows almost any desired amplifi- 
cation of image brilliance plus the advantage of mul- 
tiple viewing tubes, including one for motion picture 
monitoring. It is vastly simpler than the Image Orth- 
icon used in Morgan's amplifier and requires only 
simple and relatively inexpensive electronic circuits 
for the amplification of its signal. 

The authors describe the installation of two of 
these X-icon image intensifiers in their angiographic 
laboratory. The installation is such that, with other 
attached equipment, a biplane split image television 
type amplifier cineroentgenographic system is pro- 
duced, which permits the simultaneous display of 
both frontal and lateral images on each of the kine- 
scope tubes from which the films are made. This 
equipment has been used for the most part only in 
experimental animals.—Donald N. Dysart, M.D. 








Krakrarriek, Jonn A, and Oumsrep, Rren- 
érbd W. Cinefluorographic study of pharyn- 
geal function related to speech. Radiology, 
Oct., 1959, 72, 557-559. (Address: J. A. Kirk- 
patrick, St. Christopher’s Hospital for Chil- 
dren, Lawrence and Huntingdon Sts., Phil- 
adelphia 33, Pa.) 

Cinefluorography offers a technique for the visual- 
ization of the movements of the palate, tongue, and 
pharyngeal soft tissues during speech. The apparatus 
used in this study consists of a conventional fluoro- 
scopic unit, an image intensifier of the electron op- 
tical type manufactured by the North American 
Philips Company, Inc., and a 16 mm. “sound on 
film” camera (Auricon Cine-Voice II). The camera 
has a 25 mm. f.95 lens focused at infinity, The fluoro- 
scop:c table is placed in the upright position, and the 
larynx is viewed in the lateral projection. A micro- 
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phone is held 12 to 18 inches from the patient, and 
pictures are exposed at the rate of 24 frames per sec- 
ond as the patient speaks. A barium and water mix- 
ture is used to demonstrate regurgitation into the 
nasal cavity. The patient is exposed to a § inch circle 
of radiation for forty-five to sixty seconds, producing 
30 to 35 feet of exposed film with 1,000 to 1,500 indi- 
vidual frames available for study. 

There is a need for increased knowledge of the 
motor activities of the lips, tongue, mandible, soft 
palate, and pharyngeal soft tissues during speech in 
both the normal and abnormal subject. There are 
many unanswered questions in relation to muscle 
activity during speech. Cinefluorcgraphy with the 
synchronous recording of sound is being applied to 
the investigation of a variety of lesions of the phar- 
ynx. It aids in the selection of cases for surgery, and 
evaluation of different operative procedures. Cine- 
fluorography also aids the prosthodentist by permit- 
ting visualization of the prosthesis curing speech and 
evaluation of its functional adequacy. It should lead 
to more effective speech therapy. It was observed 
that, when velopharyngeal closure is anatomically 
impossible, the tongue tends to rise posteriorly (more 
than in a normal study) to raise the palate. Apparent 
anatomic apposition of the palate to the posterior 
pharynx may not connote functional closure, as 
shown by regurgitation of opaque liquid into the 
nasopharynx, 

Cinefluorography and simultaneous recording of 
sound promise an elucidation of the relationship of 
physiology to speech. James C. Moere, M.D. 


Mitter, kare R. Cinefluorograpay in practice. 
Radiology, Oct., 1959, 73, 560-565. (Ad- 
dress: Department of Radiology, University 
of California Medical Center, San Francisco 
22, Calif.) 


This paper is addressed primarily to those contem- 
plating the purchase of equipment for taking roent- 
gen-ray movies. Its aim is to provide information 
regarding facilities required, the investment in time 
and money, information obtained with the tech- 
nique, frequency of its use and its irfluence on the 
physician's practice. The cost of installation is usu- 
ally the first consideration. The basic unit, which in- 
cludes the ordinary fluoroscopic tabe with a spot 
filming device, phototimer, generator and overhead 
tube with tube stand, lists at approximately $20,000. 
An intensifying screen will add $6,520 to $12,000 
depending on the size of the screen and the manufac- 
turer, Installation of a high grade movie camera with 
automatic brightness control costs between $5,000 
and $6,000. Less expensive units, in the range of 
31,000, may be used however. Film processing equip- 
ment plus film splicer, viewer and pro:ector bring the 
total cost to between $35,000 and $45,000. 

Of importance in busy departments is the time in- 
volved in taking, processing, editing, viewing and 
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filing the films. Studying the movies alone usually 
takes an average of one hour per case. This factor in 
itself may limit the adoption of the technique. The 
use to which it will be put and the information ex- 
pected must also be assessed. In its present state, 
cine-movies find their greatest use in research and 
teaching. Movies permit the study and restudy of 
certain functional body movements which are too 
rapid to be observed by conventional means. Studies 
of the pharynx in speech and in swallowing, the 
esophagus and cardioesophageal junction, the heart 
in angiocardiography, the urinary bladder, and the 
motion of joints practically constitute the field of 
usefulness of the cinefluorographic technique. Comp- 
pared with its assets in teaching and research, the 
value of cinefluorography in service to patients is 
small. If a physician sees significant numbers of pa- 
tients with esophageal, pharyngeal, bladder and joint 
dysfunction, then cinefluorography may be expected 
to provide valuable information. But for most pri- 
vate radiology practices it would be of little impor- 
tance even if twice the existing number of such cases 
were available. 

Finally, the financial yield from cinefluorographic 
services is extremely small compared with that from 
fluoroscopy and laminagraphy. A table is presented 
to show the relative incomes expected from the 3 
techniques. 

At the present time, therefore, roentgen-ray mov- 
ies are of tremendous value in teaching and research 
and they have a small though definite place in the 
service of selected patients. The investment of funds, 
time and space, however, is inordinately great when 
compared to the income that can be derived from its 
use—Z. Petrany, M.D. 


Forman, Myron, Borpen, AntHony Bo- 
READIS, and GERSHON-COHEN, J. Improve- 
ment of diagnostic value of photofluoro- 
graphic films by electronic means; a pre- 
liminary report. Radiology, Nov., 1959, 73, 
774-775. (Address: M. Forman, Albert 
Einstein Medical Center, Northern Division, 
York and Tabor Roads, Philadelphia 41, 
Pa.) 


Because of the difficulty of interpretation of photo- 
fluorographic roentgenograms, the use of a Philco 
Contrast Enhancer was investigated as a method of 
improving diagnostic quality. The Exicon is a closed 
television circuit which makes it possible to enlarge 
the roentgen-ray image and also to change shadings 
of contrast. The authors chose 70 patients at random 
for gastrointestinal examination both by conven- 
tional means and by photofluorographic technique. 
In a high percentage of cases an accurate diagnosis 
was made with photofluorographic methods as com- 
pared with regular roentgenograms. It is felt that 
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this makes the method feasible for mass su-veys and 
for teaching — James C. Moore, M.D. 


SCHWARZ, GERHART S. Kilovoltage and radio- 
graphic effect; investigation leading to a 
standard x-ray value scale (X.V.S.) system 
of simplified exposures for conventional and 
automatic radiography. Radiology, Nov., 
1959, 73, 749—761. (Address: 622 W. 168th 
St., New York 32, N. Y.) 


For any proposed roentgenogram of a particular 
body part there is a certain optimum combination of 
exposure factors which will yield the best diagnostic 
quality. On either side of this optimum there is a 
variable range of exposures which will still result in 
roentgenograms of adequate diagnostic value. Ex- 
posure in photography depends on three >rime fac- 
tors: (a) the shutter speed expressed in sezonds; (b) 
the lens opening expressed in F-stops and; (c) the 
brightness of the object, £.e., the amount of light re- 
flected by the object. Similarly, in roentgenography 
theexposureobtained will depend on :(a) timer setting 
in milliampere seconds; (b) kilovoltage; and (c) the 
thickness of the patient, which is an approximate 
expression of the amount of radiation which is trans- 
mitted through the subject to the film. In both tech- 
niques, the (c) factor is measured or estimated, and 
from this the (a) and (b) factors are cetermined 
either by rote, formula, or from a table. 

In photography these determinatons have been 
greatly simplified by the establishment of the so- 
called “E. V. S." system. This system consists of a 
set of simple index numbers assigned to cach of the 
possible shutter settings and a similar set of numbers 
assigned to the lens opening settings. A given sum of 
any two settings labeled by this system will always 
give an identical exposure regardless of what the indi- 
vidual settings might be. 

An identical system is not possible in roentgenog- 
raphy, however, because of the inconstant relation- 
ship of the kilovoltage to the roentgenographic effect, 
For this reason, the present investigation was carried 
out in order to determine the actual influence of kilo- 
voltage upon the roentgenographic efect over a wide 
range of machine settings, and thereby to attempt to 
establish an exposure system similar to the E. V. S. 
system of photography. 

A masonite bone phantom varying ia thickness 
from 2 to 42 cm. was used. The criteria for a “cor- 
rect" exposure were those which yielded optimum 
bone detail. Test exposures were made with varying 
kilovoltages (28 kv. peak to 133 kv. peak) to deter- 
mine the exact doubling and halving points for each 
designated thickness. These readings were plotted on 
a graph and connected by curves. It was shown that 
no single exponent for the roentgenograrhic effect as 
a function of kilovoltage existed. However, the opti- 
mum exposures for each thickness were compared 
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and the doubling and halving kilovoltages for these 
exposures were potted and used as standard points. 
When joined together, these points formed a “work- 
l is" on either side of which was a range of set- 
s which still yielded adequate exposures. 

ds zone is broad and covers more machine set- 
tings than occur under actual working conditions. It 
was possible, therefore, to develop a unit system 
using whole numbers to correspond to the necessary 
sure factors as in the E. V. S. system. The caliper 
used by the technician for measuring patient thick- 
is labeled to read in roentgen-ray value (X. V.) 
unies, After the body part is measured he sets the 
three machine controls (kv., ma. and timer) on such 
index figures that their sum equals the exposure 
value read off the unit caliper scale. This will effect 
an acceptable exposure regardless of the individual 
settings selected and no exposure table need be con- 
sulted. Such a caliper and unit system is presented 
here with tables to show the numerical labeling for 
the various kv. and mas. settings. 

"The system, now in actual use, has, in the author's 
opinion, resulted in a definite decrease in roentgeno- 
gram rejects and when error does occur the devia- 
tors tend to be small. The adoption of the unit sys- 
tem makes possible the future manufacture and de- 
sign of much simpler machines with various degrees 
of automation. One could possibly eliminate kv. and 
ma. controls entirely and provide a single unalterable 
settrg of these factors. The only variable would be 
that of the timer which could be set to read identi- 
cally with the X. V. reading of the caliper. Further de- 
grees of automation are also suggested and described. 
The final advantage of such a system is that it per- 
mits standardization of machine parts, films, and 
screems, eliminates unnecessary controls, limits error 
and makes possible partial or complete automation 
leading eventually to single knob control.—Z. Pe- 
tram, M.D. 
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Reeves, Joun D. Progressive patient care in 
e radiology. Radiology, Nov., 1959, 73, 779- 
734. (Address: The J. Hillis Miller Health 
Center, University of Florida, Gainesville, 


Fla.) 


Progressive patient care provides three zones with- 
in the hospital where care is tailored to the patient's 
needs. These three zones or areas are designated: (a) 
inteasive care area for the seriously ill and for im- 
mediate postoperative care; (b) intermediate care 
area tor those who need present-day nursing atten- 
ton: (c) self help area for convalescents and others 
who may wish to take care of many of their own 
needs. Better patient care and easing of the eco- 
nomec burden should result. 

This concept can be applied to the roentgenologic 
careof patients in the large hospital, but expert plan- 
ning is necessary if the full medical and economic 
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benefits of PPC are to be realized. To achieve the 
best patient care as well as economic operation, a 
department of radiology should be geographically 
located in the center of patient distribution. Clinical 
services most often in need of radiologic consultation, 
particularly orthopedic surgery and urology, should 
be located adjacent to radiology. 

In planning hospital radiologic facilities, the fol- 
lowing important statistical figures are accepted as 
standard guides: (1) 100 square feet of floor space per 
patient examined or treated per day, and (2) one 
roentgen-ray machine per 17 patients examined or 
treated per day. PPC applied to diagnostic radiology 
might result in four main radiology patient areas: (a) 
emergency radiology, (b) special procedures, (c) in- 
patient area, and (d) ambulatory areas. These four 
areas could be arranged as the four extremities of the 
letter “H”. An arrangement such as this permits 
expansion in six directions.— 4. W. Sommer, M.D. 


RADIATION THERAPY 


Larourerre, H. B., Simons, C. S., and LAMPE, 
I. A localization scheme for radiation therapy 
planning with the theratron. Radiology, Nov., 
1959, 73, 762-770. (Address: H. B. La- 
tourette, University Hospitals, Iowa City, 
Iowa.) 


The authors describe a system for lesion localiza- 
tion and beam direction utilizing preliminary antero- 
posterior and lateral radiographs incorporating 
"ruler" reference markers. The patent is usually 
placed in supine position on the treatment table, 
which is covered by a full length foam rubber pad 1 
in. thick. All irradiation prescriptions consequently 
contain, as one of the coordinates of beam direction, 
the distance from the plane of the couch top to the 
central ray of the horizontal beam. A second coordi- 
nate is the distance, cephalad or caucad, from some 
prominent anatomic landmark. The third coordinate 
is the distance laterally from the midline. 

A lateral radiograph is made using a cassette 
holder with opaque reference marks near its center. 
The patient is then removed from the table and a 
vertical ruler with opaque centimeter scale markings 
is placed in the exact center of the patient’s former 
position. When these opaque reference marks on the 
two developed lateral films are superimposed, the 
distance from the table top to the point of interest in 
the patient can be read directly from the “ruler” 
radiograph. A similar method is used for the antero- 
posterior film. If rotation therapy is to be used, the 
patient’s contour is traced on paper by the wire 
solder method, and localization by "ruler" radio- 
graph is then carried out as described. 

The accuracy of the localization is verified at the 
first treatment session bv obtaining radiographs with 
cobalt 60 gamma rays. A special head holder used 
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both for localization and for positioning during 
therapy is described. —Yohn S. Alexander, M.D. 


Emery, E. W., Lucas, B. G. B., and WILLIAMS, 
K. G. Technique of irradiation of conscious 
patients under increased oxygen pressure. 
Lancet, Jan. 30, 1960, 7, 248-250. (From: 
University College Hospital, London, W.C.1, 
England.) 


In order to take advantage of the well-known 
principle that radiosensitivity of the cell is enhanced 
by an increase in oxygen tension, a compression 
chamber was built. The transparent chamber allows 
visual and auditory contact with the patient and 
eliminates much of the apprehension present when 
the patient is treated in a metal chamber. Incorpo- 
rated in the apparatus is a system of pressurization 
which will minimize ear and sinus pain, ventilation to 
prevent retention of water vapor and carbon dioxide, 
and a double walled cylinder to eliminate the risk of 
explosive decompression. Total time of one treatment 
is usually less than half an hour. The authors hope to 
develop the technique so that it can be used for treat- 
ing conscious patients at pressures up to four atmos- 
pheres absolute.—-Roger D. Cornell, M.D. 


DeGinper, W. L., and Lover, B. K. Accel- 
erated palliative radiation therapy of bron- 
chial carcinoma with 2so-kv. roentgen rays. 
Radiology, Nov., 1959, 73, 684-692. (Ad- 
dress: W. L. DeGinder, Austin Radiological 
Group, 2410 Rio Grande, Austin 5, Texas.) 


The authors report the results of a study of ac- 
celerated palliative radiation therapy of bronchial 
carcinoma with 250 kv. roentgen rays. Since 1946, 
approximately 560 patients have received 230 kv. or 
260 kv. palliative therapy for primary bronchial 
carcinoma in the Dallas and McKinney Veterans 
Administration Hospitals. After exclusion of patients 
with unconfirmed diagnosis, incomplete follow-up, 
and those treated only for distant metastases, 446 
cases remained for study. 

The total dose was based on the predicted moist 
desquamation threshold. The factors were 250 kv. 
peak, 2.5 mm. Cu half value layer, so cm. target skin 
distance. Two opposite portals of 9X12 cm. were 
used. In eight days elapsed time, 3,600 r was de- 
livered to each area in 6 treatments of 400 r (in air) 
each, or treatment was extended over fourteen days, 
with 4,000 r to each skin area in 10 treatments of 260 
r (in air) each. The exit skin dose without back scat- 
ter was estimated to be 20 per cent. The tumor doses 
ranged from 1,500 r to 3,200 r. 

Survivals in this report are considered only in rela- 
tion to the period of possible benefit from the pallia- 
tive treatment, namely, that period beginning with 
the institution of treatment, With the accelerated 
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palliative therapy, 21 per cent survived one year or 
more. Ninety-seven patients were able to resume 
work for seme period of time after treatment. Only 
forty-eight patients treated by the accelerated 
method were unable to return to home care within a 
month from the start of treatment. 

The importance of a close physician-patient rela- 
tionship is stressed. Relief of anxiety and the creation 
of hope contribute to the patient's subjective im- 
provement. The accelerated treatment and early 
discharge trom the hospital are active factors in the 
improvement of patient morale and a reduction of 
complaints. It is therefore difficult to make an ac- 
curate subjective evaluation of palliative results, but 
accelerated therapy does result in satisfactory pallia- 
tion witheut producing painful sequelae to skin, 
pleura, or tung.—/4. W. Sommer, M.D. 


RunENrELD, SIDNEY, and Karrax, GUSTAVE. 
Treatment of bronchogenic cancer with con- 
ventional x-rays according to a specific time- 
dose pattern. Radiology, Nov., 1959, 75, 
671-673. (Address: S. Rubenfeld, 477 First 
Ave., New York 16, N. Y) 


Forty-three consecutive patients with histologi- 
cally proved cancer of the lung were treated with con- 
ventional roentgen-ray therapy according to a uni- 
form, abbreviated time-dose pattern. Treatments 
were given with roentgen-rays generated at 250 kv., 
Thoraeus [I filter, half value layer 1.25 mm. Cu at so 
cm. distanze. The size of the field varied from 10X10 
to 10X 15 em. All lesions received a calculated tumor 
dose of 3,900 r in fourteen elapsed days. The skin 
doses ranged from 4,000 r to 4,800 r. 

The ages of the patients ranged from thirty-nine to 
seventy-three years, All tumors were histologically 
proved. All but 2 of the patients had distant metas- 
tases detected clinically, roentgenologically or at 
thoracotomy. The symptoms were controlled in 72 
per cent ef the series. Objective improvement was 
noted in 43 per cent of the patients. The most com; 
mon symptoms to be alleviated were as follows: 
hemoptysis, 15 cases; pain, 14 cases; cough, 10 cases; 
dyspnea, 5 cases; superior vena cava syndrome, 1 
case. There was no need to interrupt treatments 
because of radiation sickness, tracheitis, esophagitis, 
or skin reaction. 

The abbreviated time-dose pattern achieved satis- 
factory palliation, shortened the hospitalization 
period, and did not induce serious debilitation.— 
AW, Sommer, M.D. 











Loucuerp, M. N., and Macuire, G. H. Ir- 
radiation pneumonitis in the treatment of 
carcinama of the breast. 7. Canad. A. 
Radioiagists, Mar., 1960, 27, 1-10. (From: 
Montreal General Hospital, Montreal, Que- 
bec, Canada.) 
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In irradiating lesions of the chest wall, it is at times 
impossible to prevent irradiation of pulmonary tis- 
sue. This paper deals with the incidence, correlated 
factors, and morbidity of these pulmonary changes in 
the treatment of cancer of the breast. 

In the years 1953 to 1957, 491 new cases of breast 
carcinoma were seen. Of these, 255 received radiation 
therapy as follows: primary quadrate treatment, 94; 
postoperative irradiation to node bearing areas, 91; 
and to metastatic areas, 70. 

The quadrate radiation technique includes fields 
directed tangentially to the breast, chest wall, axilla, 
and anterior mediastinum. Bolus is used. This large 
area is treated to tissue tolerance with 250 kv. peak, 
half value layer 2-2.4 mm. Cu at £o cm. focus skin 
distance. The time varies from ten to twelve weeks. 

The postoperative irradiation includes an antero- 
posterior mediastinal field 9 cm. X 18 cm., an antero- 
posterior supraclavicular field 8 cm. X 16 cm., and an 
axillary held rg cm. X10 em. A combination of 250 
kv. peak and Co® teletherapy is used. Treatment 
time Is six to seven weeks. 

The diagnosis of radiation pneumonitis is based on 
such clincal features as low-grade fever, prostration, 
dyspnea on exertion, nonproductive cough, and 
tachycardia. The roentgenographic changes include a 
coarse reticular or patchy infiltration, contraction of 
the lung, tenting of the diaphragm, absence of pleural 
effusion, and correlation of irradiation with the dis- 
tribution of the pulmonary pathology. 

The clinical features usually occur about one to 
four weeks after treatment. The roentgen changes are 
Observed seven to ten weeks after treatment. 

In the quadrate therapy group, 61 per cent had 
roentgen changes attributable to radiation. The 
average dose to those with pulmonary changes was 
6,500 to 7,000 r in ten to eleven weeks. 

In the postoperative irradiation group, 37 per cent 
had changes attributable to radiation. The average 
dose was 6,500 r in seven weeks to the lung apex. The 
extent of lung changes in this group was considerably 
%ss than in the quadrate therapy group. 

If there is a critical level below which pneumonitis 
does not occur, it is probably between 2,500 and 
3,400 rin seven weeks. 

Of the sg cases including both groups only & 
showed partial resolution of the radiation changes. 

The authors briefly discuss the pathology of the 
process and point out the nonspecific histologic lung 
changes. 

The lung alterations are usually asymptomatic, 
Less than 4 per cent produce symptoms. ACTH and 
cortisone were used in treating this small group of 
patients, The authors claim prompt relief of symp- 
toms in the mild cases. Success or failure, however, 
should not be based on the return to normal of the 
chest roentgenogram, although steroid therapy may 
reduce changes that have already developed.— 


Gerald F. Kurlander, M.D. 
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GisH, James R., Coares, E. O., DuSaurr, 
Lucite A, and Does, Howanp P. Pul- 
monary radiation reaction: a vital-capacity 
and time-dose study. Radiology, Nov., 1959, 
73, 679-683. (Address: J. R. Gish, 317 
Goodhue Building, Beaumont, Texas.) 


The object of this paper is to report a study of the 
relationship of the time-dose aspect of radiation 
therapy to radiation induced fibrosis and of pulmo- 
nary vital capacity as an index of lang function in 
those patients with fibrosis. The study includes a 
group of cases with adequate roentgenologic and 
clinical follow-up in which the lungs received incident 
radiation during therapy to the mediastinum, lungs, 
and node-bearing areas of the chest wall. In those 
cases in which reactions appeared, vital capacity 
studies were made. The pulmonary radiation reac- 
tions were classified into four groups as follows: 1, 
pleural reaction only; 11, pneumonitis—soft fluffy 
lesion, usually clearing within six months; 111, pneu- 
monitis clearing in from six months to a year and 
leaving moderate linear fibrotic residue; 1v, pneu- 
monitis clearing in from six months to a year and 
leaving extensive fibrotic residue. Irradiation was 
administered by means of roentgen therapy with half 
value layer of 1 to 3 mm. Cu or by cobalt teletherapy. 
The maximal dose to the lung varied from 2,000 to 
8,200 r in periods covering five to eighty-two davs. 

Measurements of the total and three second vital 
capacities were made prior to treatment and subse- 
quently in 24 patients. Any reduction in vital ca- 
pacity, which in most instances was present three 
months after the beginning of radiation therapy, was 
not large in any case. None of the patients studied in 
this way showed any clinical signs of impaired pulmo- 
nary function. Decreased vital capacity seemed to 
correlate better with presence of disease in the pa- 
tient as shown by later metastasis than with reports 
of fibrosis on the roentgenogram. 

Pleuropulmonary reactions occurred in 44 per cent 
of those patients receiving 250 kv. reentgen therapy 
but in only 20 per cent of those receiving cobalt 60 
therapy, although in general the latter group received 
a higher tissue dose. Some degree of p europulmonary 
reaction was demonstrated in 18 of 42 patients whose 
lungs were exposed peripherally; however, out of 10 
patients who were treated over the mediastinum and 
medial borders of the lungs, a reaction was observed 
in only 1, There were few instances of pleuropulmo- 
nary reaction in patients irradiated tangentially. The 
incidence of reaction was about tw.ce as great for 
field sizes of ts X 20 cm. or larger than for 10X 14 cm. 
ports or smaller. 

Time-dose data for the groups shewing some per- 
manent residual fibrosis (ni and 1v) and for the 
groups showing temporary reaction only (1 and 1) 
were plotted on log-log paper, and a lne representing 
the incidence of fibrosis was drawn below those points 
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in the first group. The dose level of about 3,700 r in 
twenty-nine days seems fairly definite. No distinction 
in resuits could be made between 250 kv. and cobalt 
60 therapy, although most of the points above the 
line indicating temporary reaction only are from the 
cobalt group. The incidence of pulmonary reaction as 
previously described, 44 per cent for roentgen ther- 
apy and 20 per cent for cobalt therapy, suggests that 
the time-dose line for roentgen therapy may be lower. 
In a review of the literature, time-dose values con- 
sistent with this lung tolerance line were reported 
when similar techniques were used; with other tech- 
niques there was fibrosis following widely scattered 
time-dose combinations.—7. H. Jarvis, Fr., M.D. 


KoLÁR, J., and Vraspec, R. Ungewöhnliche 
Knochenschädenformen nach der Bestrah- 
lung im  Beckenbereich. (Unusual bone 
damages following radiation treatment to the 
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pelvic region.) Radiol. clin., Mar., 1960, 29, 
109-116. (Address: J. Kolář, Radiologische 
Klinik SEN 1, U nemocnice 2, Prague, 
Czechoslovakia.) 


The authors describe unusual findings and locali- 
zations of radiation damage to the innominate bones 
and the sacrum following radiation therapy for vari- 
ous pathologic conditions in the pelvis, usually malig- 
nant ones. They emphasize that the precursorof spon- 
taneous fractures is an area of diminished bone 
density, sometimes combined with sclerotic changes. 
This can be seen not only in the neck of the femur but 
also in the pubic, ischial and sacral bones. This is of 
practical importance, as such findings can be easily 
confused on roentgenography with other pathologic 
conditions, especially bone metastases. Furthermore, 
this damage appears in women as well as in men 
who have undergone pelvic irradiation—Zckart 
Schackow, M.D. 


VERTEBRAL AND CAROTID ANGIO- 
GRAMS IN TENTORIAL 
EERMATIONS 


Including Roentgen Anatomy 
of the Tentorial Incisure 


HANS F. PLAUT, M.D. 
Clinical Assistant Professor of Radiology 
Otio State University 
College of Medicine 
Columbus, Ohio 


For the first time in the literature—a text on 
ihe tentorium—a structure slighted in many 
amatomy books and often ignored in the morgue. 
It was written for all physicians who examine 
amd treat the skull and nervous system, its func- 
tions, injuries, and diseases. It will be of par- 
ticular interest to the radiologist. 


Part I deals with the normal anatomy of the 
tentorium—the width and length of the incisura 
ir more than 100 cases and variations of its 
aachorage. The tentorium and its aperture are 
demonstrated ia the lateral, frontal and axial 
reentgen projections of the cadaver. 


Laver by layer topographic relations are de- 
scribed and illastrated for better understanding 
o: the location of such landmarks . . . 
* Pinea 
* Mammillary bodies 
Brain:tem 
Arterizs 


Craniil nerves 


Part II explains and illustrates cerebral hernia- 
tions. Anterior. middle, posterior, unilateral, bi- 
lateral, and combined descending and ascending 
herniations threugh the tentorial notch are de- 
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COMPRESSION OF THE TRACHEOBRONCHIAL 
TREE BY THE ACTION OF THE VOLUNTARY 
RESPIRATORY MUSCULATURE IN NORMAL 
INDIVIDUALS AND IN PATIENTS WITH 
ASTHMA AND EMPHYSEMA* 


By E. DEKKER, M.D.t and R. C. LEDEBOER, M.D.i 


AMSTERDAM, HOLLANE 


ALMA" cn 1898 reported that asth- 

matic patients are often able to imitate 
at will the signs of an attack of asthma, 
when asked to do so. He also observed that 
normal persons were able to produce a 
wheezing expiration. which seemed verv 
similar to that which occurred during at- 
tacks of asthma. Since the wheezing sounds 
of asthma were similar in character over the 
entire thorax and changed simultaneously 
over the whole surface of the chest, he con- 
&uded that asthmatic wheezing had its 
origin in the trachea and larger bronchi, 
which were narrowed bv a voluntary ac- 
tion. He quoted and confirmed the laryn- 
goscopic observation of Van Hoek that in 
attacks of asthma the posterior wall of the 
trachea protruded into the lumen during 
expiration. Talma” thought that this nar- 
rowing of the larger airways was caused by 
a voluntary contraction of the smooth 
musculature. 

22 


In 1906 Strübing? confirmed that pa- 






second M 





tients with asthma as well as normal sub- 
jects could produce a voluntary wheezing 
expiration at will. He, however, gave a 
different explanation and suggested that 
the origin of the tracheobronchial narrow- 
ing during the wheezing expiration might 
be the passive compression of the larger 
airways by a high intrathoracic pressure 
which was due to an abnormal breathing 
pattern. The influence of intrathoracic 
pressure on tracheobronchial compression 
had already been lucidly discussed by 
Einthoven.” That patients with asthma are 
able to imitate their attacks when asked to 
do so aas recently been re-emphasized.* 
Dekker and Groen** confirmed the earlier 
observation that normal individuals can 
also learn to produce an asthma-like wheez- 
ing expiration at will, In their work they 
followed the instructions of Strübing:? 
“The forced expiratory movements of the 
asthmatic can best be learned in the fol- 
lowing way. After a short inspiration one 


Phis investigatior was supported in part by the Organisation for Health Research T.N.O. 
al Service, Wilhelmina Gasthuis, Amsterdam, Holland. 
f University Department of Roentgenology, Wilhelmina Gasthuis, Amsterdam, Holland. 
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gives a slight cough. The cough movement 
is not completed, however, but instead a 
strong pressing and prolonged expiration is 
substituted. If one wishes to imitate the 
asthmatic breathing these respiratory move- 
ments are continued alternating with short 
inspiratory movements.” By this method 
16 out of 18 consecutive normal volunteers 
learned to wheeze at will within a few 
minutes. 

The mechanism of this “voluntary wheez- 
ing expiration” was studied for the follow- 
ing reasons: It can easily be produced at 
will both by asthmatic patients and by 
normal individuals which makes it suitable 
for an experimental approach, It was ex- 
pected that study of the mechanism of 
voluntary wheezing expiration might throw 
some light on the pathophysiology of 
asthma and emphysema and on the prob- 
lem as to whether the expiratory narrowing 
of the tracheobronchial tree during cough 
and in asthma and emphysema is ac- 
tivel*-?? or passive? !0:15:14.21.25.24.59 jn nature, 

In this paper roentgenologic studies and 
measurements are presented of the diame- 
ters of the trachea and main bronchi during 
voluntary wheezing in normal individuals 
and in patients with asthma and emphy- 
sema, supplemented by some observations 
during spontaneous and induced attacks of 
asthma. 


METHOD AND MATERIAL 


In order to avoid an influence of the con- 
trast medium on the dynamics of air flow in 
the bronchi and on the reflex behavior of its 
walls,^?* the roentgen studies were done 
without contrast filling of the trachea and 
main bronchi. 

Short time exposures were made in four 
projections: lateral, posteroanterior and 
both oblique projections, during respiratory 
arrest and—-as much as possible—in the 
middle of the expiratory movement during 
“voluntary wheezing expiration.” In a few 
cases observations were made during at- 
tacks of asthma which were either spon- 
taneous or induced by the inhalation of an 
aerosol of histamine or of an allergen ex- 
tract. 
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In order to obtain well defined mages of 
the moving objects, an exposure time of 
only 0.04 second was used in combination 
with high voltage (125 kv.) and high-speed 
intensifying screens. 

Twenty patients were thus roentgeno- 
graphed during voluntary wheezing expira- 
tion, 10 who were normal and 10 who had 
asthhia and/or emphysema. Of the latter 
group, 4 were examined during severe at- 
tacks of asthmatic dvspnea, 2 spontaneous 
and 2 induced. Direct measurements were 
carried out of the diameter of the air 
column in the trachea and when possible in 
the main bronchi. The outlines were traced 
on transparent paper and reproduced 
photographically on a smaller scale. 


RESULTS 
ROENTGEN FINDINGS 

The roentgen changes in the major air- 
ways during the voluntary wheezing expira- 
tion in normals can be described together 
with those observed in asthmatic patients 
during voluntary wheezing expiration, or 
during spontaneous or induced attacks of 
severe dyspnea, as no essential differences 
between these groups were found, although 
there was some individual variation in the 
degree of the changes. Figures 1-6 illustrate 
RS findings. 

The trachea was considerably rar- 
sued on all roentgenograms during volun- 
tary wheezing expiration as compzred to its 
configuration during respiratory arrest. 
This was noted especially on the posteros 
anterior roentgenogram. Sometimes a dou- 
ble contour could be observed near the pos- 
terior tracheal wall which was interpreted 
as the shadow of the protruding membra- 
nous part of the wall. The carulage-sup- 
ported part of the tracheal wall was also 
compressed as could be concluded from the 
diminution in its sagittal diameter. 

This narrowing during expiration often 
differed considerably along the course of 
the trachea, giving its outlines an irregular 
wave-like appearance. The compression 
could frequently be observed te continue 
along the lower cervical part of the trachea 


(Fig. 1, Zand B; 3, Zand B; and 4, d and 
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Vic. 1. (4) Roentgenogram of the trachea of a normal subject during respiratory arrest. (B) The cervical 
aad intrathoracic parts of the trachea are narrowed and the cervical part is displaced in the ventral direc- 


tion during “voluntary wheezing expiration.” 


B). There was a rather abrupt transition 
ftom the compressed lower to the wide open 
upper cervical part of the trachea, where 
the lumen retained its original size. 

2. The main bronchi also appeared mark- 
edly narrowed during the wheezing expira- 
tion. In some of the subjects the lumina 
were reduced to a few millimeters (Fig. 28). 
This narrowing of the major airways could 
easily be seen on fluoroscopy. [t started 
very shortly after the beginning of the ex- 
piratory movement and continued almost 
throughout its entire duration, 

In addition it was often possible to ob- 
serve the dynamic behavior of the esopha- 
gus. In the right anterior oblique projection 
the wall of the esophagus and the posterior 


tracheal wall appeared as a common shad- 
ow, a few millimeters wide, which moved 
in a forward direction during the expira- 
tion, 

3. The trachea became shortened during 
the wheezing expiration. The distance from 
the glottis to the bifurcation was reduced 
up to 5 em. The bifurcation was driven up- 
ward and with it some other mediastinal 
structures were displaced. The aortic arch 
often shifted several centimeters craniad. 
The glottis and other laryngeal structures, 
on the other hand, descended. This short- 
ening of the trachea was probably responsi- 
ble for another phenomenon which could 
sometimes be observed: “ribbing” outline 
of the walls with clear demonstration of the 





Fic. 2. 
normal subject during respiratory arrest, 


(4) Anteroposterior roentgenogram of a 
(B) 
During “voluntary wheezing expiration" the 
trachea and main bronchi are narrowed; the 
trachea is shortened and the glottis is open. 


« 


cartilaginous rings (Fig. 4, 7 and B). 

4. During wheezing expiration the tra- 
chea altered its position. In the lower cervi- 
cal part it was generally displaced forward 
(Fig. 1, Z and B and 4, Æ and B). The 
shadow of the soft tissues of the lower neck 
was increased on the posteroanterior roent- 
genogram. The trachea also altered its 
course within the thorax, although its be- 
havior here was much more variable (Fig. 
7 and 8). 

s. During wheezing expiration the g/ot- 
tis was wide open. This is clearly seen on the 
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posteroanterior roentgenograms (Fig. 2, 1 
and B). 

6. The pharynx was widened in most of 
the subjects during voluntary wheezing 
expiration (Fig. 3, Æ and B; and 4, .7 and 
B). The hvoid bone was displaced caudally 
over about one cervical vertebra and so 
were the cartilages of the larynx. 

7. On some roentgenograms the /arger 
intrapulmonary bronchi near the hilus were 
visible. These also showed considerable 
narrowing during the wheezing expiration. 

Figures 7 and 8 are line drawings illus- 
trating the expiratory deformities during 
"voluntary wheezing expiration" in normal 
individuals and in patients with asthma 
and emphysema. Similar narrowings were 
demonstrated during episodes of dvspnea in 
these patients as illustrated by Figure g. 


QUANTITATIVE DATA 

Tables rand 11 summarize some represen- 
tative measurements of the tracheal lumen 
as seen on roentgenograms. Only those 
measurements are given which could be 
obtained with sufficient confidence in view 
of the comparatively weak contrast of the 
air column in the airways. 

From these measurements it can be cal- 
culated that the frontal diameter of the 
tracheal lumen in normal individuals and in 
asthmatic patients was reduced from a 
mean value of 18.2 mm. to 15.4 mm. during 
voluntary wheezing expiration. The mean 
anteroposterior diameter was at the same 
time reduced from 19.1 to 12.5 mm. . 

Figure 10 is a schematic representation 
of a tracheal lumen at rest and in the nar- 
rowed state (natural size) based on these 
measurements. 


DISCUSSION 


During normal respiration the tracheo- 
bronchial tree changes its diameter: during 
inspiration the lumina are wide; during ex- 
piration they are narrowed. This has been 
described bv a number of investiga- 
tors, 012.155.162: These investigators were, 
however, mostly concerned with what 
might be called static changes in the diam- 
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Mic. 3. G7) Roentgenogram of an asthmatic patient during respiratory arrest. (B) Narrowing of the cervical 
and incrathoraci¢c part of the trachea occurs during “voluntary wheezing expiration.” 


eter of the bronchi. They based their 
studies on the comparison of roentgeno- 
grams taken during inspiratory and expira- 
tory respiration arrest, Comparatively few 
studies have been performed on the dy- 
namie changes in tracheobronchial diam- 
eter during physiologic or pathologic res- 
piratory movements. 

Dekker and Groen'^ have summarized 
some of the data from the bronchoscopic 
literature from which it can be concluded 
that under certain physiologic and patho- 
logie conditions, Ze. during attacks of 
asthma or in patients with emphysema and 
serious dyspneu, considerable narrowing of 
the trachea aad cartilage-supported air- 


ways can be observed during expiration. 
The membranous part of the walls pro- 
trudes into the lumen giving it a triangular 
or crescent shape. There are also several 
roentgenologic observations of marked 
changes in diameter. Franklin and Janker!! 
noted in the cat, during the expiratorv 
phase of coughing, a reduction of the vol- 
ume of the bronchi to about one seventh of 
normal size. Weltz^ using kymography 
registered a difference of 18 mm. in the di- 
ameter of the trachea betweer. inspiration 
and expiration in a patient during an at- 
tack of asthma. Stutz? and Weber? have 
also observed a difference in the diameter 
of the trachea during cough and during at- 
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Taste I 


MEASUREMENTS FROM ROENTGENOGRAMS OF AIRWAY LUMINA (IN mm.) IN NORMAL INDIVIDUALS AT REST 
AND DURING VOLUNTARY WHEEZING EXPIRATION 












































HP. A.D. M.F. P.R. F.M. AW. J.M. E.A. ED. R.B. Average Per Cent 

Sagittal diameter of tracheain at rest 26 26 25 26 25 ag 2; — 30 24 26 
upper thoracic aperture ' 

wheezing 16 15 16 18 2 19 24 ~  — 15 18 69 
Frontal diameter of trachea at rest 22 21 20 20 20 24 20 22 24 — ar 
at T2 

wheezing 17 20 16 14 16 16 4 n ar — 16 76 
Left anterior oblique diameter at rest 24 19 20 23 — 26 23 20 Ig — 22 
of trachea 7 cm. below thyroid 
cartilage i wheezing II I2. 13 16 — n Ig 15 If — 14 64 
Frontal diameter of right main at rest 2 — = y Ig Ig 4 = = — 18 
bronchus 

wheezing 2 = — 9 TS th 1 = = — To 56 
Frontal diameter of left main at rest 12 4 — 14 14 14 u4 0— ~ — 14 
bronchus 

wheezing 4 — 4 9 10 7 Oo ~ — 7 50 
Length of trachea from glottis — at rest 0 — — 165 — 18 ibo — ~ — Ig 
to bifurcation 

wheezing 145 — — 150 — 128 19 — 138 81 





tacks of asthmatic dyspnea.5 Dayman? 
found a momentary collapse of the thoracic 
trachea during cough in man. Similar ob- 
servations were made by Ross ef al.” and 
Holden and Ardran“ by means of cine- 
roentgenography during cough. These “dy- 


namic” caliber changes of the tracheobron- 
chial tree, apart from the difference in 
causative mechanism, vary considerably 
from the “static” caliber changes. 

The “static” changes are predominantly 
located in the smaller, more peripheral air- 


''ABLE II 


MEASUREMENTS FROM ROENTGENOGRAMS OF AIRWAY LUMINA GN mm.) IN ASTHMATIC PATIENTS AT REST 
AND DURING VOLUNTARY WHEEZING EXPIRATION 












































LP. N.P. AB. J.C. J.D. JP. K.S. D.T. CD. P.W. Average Per Cent 

Saggital diameter of tracheain at rest 24 28 25 B 22 — U ar 22 22 24 
upper thoracic aperture 

wheezing 17 12 20 27 r — 8 14 15 14 15 63 
Frontal diameter of tracher &t rest 23 23 18 29 18 24 23 17 2 M 22 
at T2 

wheezing 22 15 16 22 12 Io 16 12 14 16 16 73 
Left anterior oblique diameter at rest 24 4 22 23 r8 23 25 18 22 24. 22 
of trachea 7 cm. below thyroid 
cartilage wheezing 7 1I 17 6 12 II II 15 Io 12 ir 50 
Frontal diameter ofright main at rest — = — -— n 6 16 = 1$ = 15 
bronchus 

wheezing | — | — =  —  -—— b  —  — IH — u 73 
Frontal diameter of left main at rest — = = — gH ID ig — 13 — 13 
bronchus 

wheezing B 2 H 4 — | 10 — 9 69 
Length of trachea from glottis at rest — —  — 10 25 170 200 175 — 186 
to bifurcation 

wheezing — — —  — — 215 Ip 180 155 — Ib 97 
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Fic. 4. C4) Roentgenogram of an asthmatic patient during respiratory arrest. (B) During "voluntary 
wheezing expiration" marked narrowing of the cervical part of the trachea occurs. 


ways, whereas the "dynamic" changes ap- 
pear to be located mainly in the more cen- 
tral airways. The occurrence of strong 
dynamic respiratory caliber changes dur- 
Mg cough and during attacks of dyspnea 
in patients with asthma and emphysema 
seems firmly established. 

We have not been able, however, to find 
any studies on the influence of “voluntary 
wheezing expiration” on the diameter of 
the trachea and main bronchi in normal in- 
dividuals and in patients with asthma. It 
seems that under these circumstances a 
similar considerable narrowing of the larger 
airways occurs. In other words, even nor- 
mal individuals are able to produce a 
strong expiratory narrowing of the larger 
cartilage-supported airways without pre- 
ceding closure of the glottis. These observa- 
tions may contribute to several problems 


which are at present under discussion. 

One of these problems has been the 
mechanism causing the “dynamic” caliber 
changes. Most authors?19.15.1.21,252139 have 
accepted passive compression of the air- 
ways by high intrathoracic pressure as an 
explanation for the tracheobronchial nar- 
rowing. In coughing, for example, during 
the preceding phase of glottis closure, a 
high pressure of over 100 mm. Hg builds 
up in the thoracic cage?’ Immediately 
after the explosive opening of the glottis, in- 
traluminal pressure in the major airwavs is 
assumed to drop almost to zero whereas in- 
trathoracic pressure is maintained for a 
short while, causing a great transmural 
pressure difference across the wall of the 
airways which are then externally com- 
pressed. 

This view has been challenged by di Ri- 





Fic. $. (4) Trachea of an asthmatic patient in the 
right anterior oblique projection during respira- 
tory arrest. (B) During “voluntary wheezing ex- 
piration” the intrathoracic part of the trachea 
is narrowed. 


enzo'®2" who ascribed the tracheobron- 
chial dynamism during cough to an active 
reflex peristaltic movement of the muscular 
coats of the bronchial walls. Ross, Gramiak 
and Rahn” recorded intrapleural pressure 
and rate of air flow during a cough simul- 
taneously by high speed cineroentgenog- 
raphy of the chest which permitted the 
visualization of the trachea. These investi- 


E. Dekker and R. C. Ledeboer 


FEBRUARY, i961 


gators observed changes in the apparent 
diameter of the trachea which were syn- 
chronous with changes in intrapleural pres- 
sure once the glottis had opened. Although 
they obtained no evidence of a peristaltic 
movement along the bronchial tree, these 
authors prudently considered teir evi- 
dence as insufficient to conclude that high 
intrapleural pressure is the only mechanism 
responsible for changes in tracheobronchial 
diameters during cough. They expressed 
the need for the investigation of an analo- 
gous situation not involving the cough re- 
flex in order to obtain evidence that reflex 
bronchomotion is not responsible for the 
reduction in airway caliber. Our observa- 
tions on voluntary wheezing expiration 
seem to give further support to their hy- 
pothesis of a passive compression, 

The intrathoracic pressure during vol- 
untary wheezing expiration was shown by 
Dekker, Defares and Heemstra? zo rise to 
about zo mm. Hg, a value which compares 
well with the results of Ross ef al., ob- 
tained during coughing. Simultaneous di- 
rect measurement of endobronchial pres- 
sure by means of a special endobronchial 
catheter allowed an estimation of the 
transmural pressure which was compress- 
ing the airways at different levels! 
(Table i). It was shown iz vitro during 
compression experiments on human tra- 
cheobronchial tissue obtained pos: mortem 
that such transmural pressures could con- 
siderably narrow the respective parts of the 
bronchial tree." 

It would seem at first sight that the nar- 
rowing of the trachea would cause a high 
airflow resistance. Our roentgenographic 
measurements provided a basis for a tenta- 
tive calculation! of air flow resistance in the 
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Vic. 6. G7) Trachea of an asthmatic patient in the left anterior oblique projection during respiratory 


D 


arrest. (B) During 
of the trachea and main bronchi occurs. 


“trachea in its normal and in its compressed 
state. Table 1v gives a summary of the re- 
sults of such calculation based on the di- 
mensions shown in Figure to. From this 
calculation it can be seen that the air fow 
resistance of the normal trachea is almost 
negligible. The calculated air flow resistance 
of the narrowed trachea is also negligible 
at low air speeds and even in the com- 
pressed state its value remains compara- 
tively low. Obviously, the caliber of the 
human trachea contains a wide margin of 
safety. "Pracheobronchial compression 
by high intrathoracic pressure mav also 
plav a role in the pathophysiology of at- 
tacks of dyspnea in patients with asthma 


‘voluntary wheezing expiration" and (C) during a spontaneous attack, a narrowing 


and emphysema. In asthmatic patients pri- 
mary narrowing of the smaller peripheral 
bronchi will tend to raise the intrathoracic 
pressure during expiration. High intra- 
thoracic pressure will tend to cause further 
compression of the airways, thus initiating 
a vicious circle.” In this case high intra- 
thoracic pressure can be considered to be a 
compensatory phenomenon. Since our re- 
sults indicate that narrowing of the airways 
can also be brought about in asthmatic pa- 
tients by a primary action of the voluntary 
respiratory musculature raising the intra- 
thoracic pressure, the alternative possi- 
bility, that at least in some attacks of 
asthma a primarily disturbed breathing 
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Taste IV 


CALCULATED AIR FLOW RESISTANCE IN THE TRACHEA 
IN ITS NONCOMPRESSED AND COMPRESSED STATES 








Air flow velocity in l./sec. 





0.25 0.5 I 2 





Air flow resistance in 


cm. H30/1./sec. 
Noncompressed 

trachea 0.0082 0.0082 0.017 0.035 
Compressed 

trachea 0.061 0.072 0.17 0.35 





mechanism may narrow the airways, de- 
serves further consideration. Although it 
has been possible to provoke and register 
reproducible psychogenic attacks of asthma 
in the laboratory,* hardly any research 
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has been done on the nature of the path- 
ways conveying the emotional influences 
from the central nervous system to the 
lungs. Among several mechanisms which 
might be involved in these phenomena, 
tracheobronchial compression of the air- 
ways caused by a primary disturbance of 
the action of the voluntary respiratory 
musculature deserves further consideration 
and study. 


SUMMARY 


1. Roentgenographic studies made dur- 
ing “voluntary wheezing expiration” re- 
vealed that normal individuals as well as 
patients with asthma and emphysema can 
voluntarily narrow their tracheobronchial 
tree to a considerable extent. 

2. This narrowing was probably caused 


Fic. 7. Line drawings of the trachea and main bronchi of normal subjects in the lateral, right anterior oblique, 
anteroposterior and left anterior oblique projections during respiratory arrest (left) and during “volun- 


tary wheezing expiration" (right). 
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Fic. 8. Line drawings of the trachea and main bronchi of asthmatic patients in the lateral, right anterior 
oblique, anteroposterior and left anterior oblique projections during respiratory arrest (left) and during 


“voluntary wheezing expiration” (right). 


by a high intrathoracic pressure which pas- 
sively compressed the airways. 
3. Calculations revealed that the air 
“flow resistance was almost negligible in the 
normal trachea and remained low, even in 
its compressed state. 
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ANGIOCARDIOGRAPHY IN BULLOUS EMPHYSEMA: 
ITS ROLE IN SELECTION OF THE CASE 
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SURGICAL treatment of bullous em- 

physema has become generally accepted 
as being beneficial in selected pa- 
tients, 57-719?* [n this report, cases illus- 
trating the role of angiocardiography in 
the diagnosis of bullous emphysema! 
and in the selection of the patient suitable 
for surgery are presented. Thereby, cri- 
teria for the use of angiocardiography for 
treatment of bullous emphysema are pro- 
malgated. 


MATERIAL AND METHOD 


Sixty adult patients, referred for angio- 
cardiography in order to evaluate the type 
and degree of emphysema (generalized or 
builous), form the basis of this study. The 
clinical, laboratory and roentgen features 
of each case were reviewed. Of these, 8 were 
selected for detailed presentation because 
they best serve to illustrate the role of 
angiocardiography in the selection of the 
patient with emphysema that can be bene- 
fited by surgery. Angiocardiography was 
done in the erect frontal position utilizing 
1417 inch film in order to include the 
whole of the lungs. The stereo shifter with 
grid cassettes permitted two roentgeno- 
grams per injection.” Opacification of the 
right heart structures, pulmonary artery 
and pulmonary arterial tree was secured on 
the first roentgenogram which was usually 
exposed three and one-half seconds after 
the beginning of injection. The other 
roentgenogram was exposed at seven and 
one-half seconds and provided a view of 
the opacified pulmonary veins, left atrium 
and ventricle. Serial studies at one second 
intervals were made in some instances. 
The contrast sabstance was urokon sodium 


(70 per cent) in so cc. doses. No severe re- 
actions occurred. 


REPORT OF CASES 


Case 1. Generalized and bullous emphysema; 
surgery contraindicated because cf severe general- 
ized emphysema. A fifty-two vear old male 
(N.Y.H. No. 365302) was admitted on April 3, 
1955, because of a productive cough and pro- 
gressive dyspnea of eight years’ duration, Dur- 
ing that time he had had four hospital admis- 
sions for acute bronchitis, bronchopneumonia 
and pneumonia. He also had had “double pneu- 
monia" at the age of thirteen years. In the past 
two vears he had developed polycythemia, cor 
pulmonale and congestive heart failure. Two 
weeks prior to admission there was increased 
cough, blood streaked sputum and right middle 
lobe pneumonia, On examination, the patient 
was acutely and chronically ill, orthopneic and 
gasping with wheezing respirations at the rate 
of 40 per minute. Cyanosis of the lips and nail- 
beds was marked. The chest was darrel-shaped, 
hyper-resonant and use of the accessory muscles 
of respiration was evident. The breath sounds 
were distant; coarse rhonchi and wheezes were 
heard in the upper parts of the chest with fine 
inspiratory and expiratory rales at the bases. 
The heart was not enlarged. The liver was 9 cm. 
below the right costal margin and the ankles 
were edematous. 

The conventional roentgenogram of the chest 
(Fig. 1.7) revealed a long thorax with markedly 
distended lungs. An angiocardiogram (Fig. 18), 
made three years prior to admission, showed a 
large pulmonary artery and branches with mea- 
ger and wiry pulmonary arterial circulation to 
the upper lobes which appeared to narrow 
abruptly in the mid-zone of the thorax (“the 
winter tree pattern”). The pulmonary arterial 
circulation to the lower lung fields was delayed 
and extended only a slight distance beyond the 
hilus. Two and a half seconds later (Fig. 1C) 


* From the Department of Radiology and the Private Patient Surgical Service, The New York Hospital--Cornell Medical Center, 
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there was pulmonary venous filling of the upper 
lobes, whereas the pulmonary circulation to the 
lower lobes had only reached the mid-zones of 
the lungs. Pulmonary. function studies, four 
years prior to admission, had showed the vital 
capacity to be 3,600 cc. Three vears later it had 
been only 1,400 cc.; prior to admission it was 
2,100 cc. 

The patient died seventeen days after entry 
(April 20, 1955) and at autopsy the lungs were 
tough, leathery, and of fibrous consistency, es- 
pecially the lower lobes. Numerous small blebs 
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Fic. 1. Case 1. Generalized and bullous emphy- 
sema not amenable to surgical treatment, (A) 
Conventional frontal teleroentgenogram re- 
veals a huge voluminous thorax with over- 
distended lungs and hyperaeration of the 
lower lung fields. (B) Frontal teleangio- 
cardiogram shows enlargement of the pul- 
monary artery and branches. The pulmo- 
nary arteries to the upper lobes taper in the 
mid-zone areas of the lungs; the upper lobe 
vessels become fine and wiry, whereas the 
lower arteries end abruptly. (C) Two and 
one-half seconds later, the pulmonary ve- 
nous channels of the upper lobe are opacified. 
In contrast, the pulmonary arterial branches 
to the lower lobes have just begun to be 
opacified Gllustrating delayed blood fow). e 


were scattered over the entire surface of both 
lungs. Only small bullae of the lower lobes, 
measuring up to § cm. in diameter, were pres- 
ent. The cut surfaces of the lower lobes and the 
peripheral and apical portions of the upper lobes 
had a coarse spongy texture. There was mod- 
erate generalized emphysema and fibrous thick- 
ening of the alveolar walls. The bronchi were di- 
lated and the elastic and muscular elements 
were largely replaced with fibrous tissue. There 
was marked fibrous thickening of the smaller 
arteries and the lumina of many were plugged 


with organized thrombi. The diagnosis was 
bronchiectasis, generalized and bullous emphy- 
sema and pulmonary fibrosis. The heart showed 
the characteristic findings of cor pulmonale; the 


right ventricular wall measured g mm. 


Comment. Clinically the patient had all 
the features of pulmonary emphysema. 
The conventional roentgenogram 
showed cor pulmonale while the angio- 
cardiogram showed the classic signs of 
ge: reralized emphysema but without bullae. 
The serious and progressive character of 
the emphysema was also indicated by the 
pulmonary function studies. 


also 


Case ut. Generalized and bullous emphysema 


also uns hs for surgery. A sixty-six year old 
burcher (N.Y H. No. 431550) had had frequent 
upper respiratory N For five years 


there had been a chronic cough with thick, tena- 
cious, stringy sputum. Dy spnea on exertion fol- 
lowed so that shavi ing or eating caused attacks. 
On examination the patient was thin, afebrile, 
and chronically ill. Slight cyanosis of the lips 


and nailbeds was present; the respirations were 


Fic. 
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>. Case n. Generalized and bullous emphysema also unsuited for surgery. 


rapid and shallow. The chest was asymmetric 
with a markedly increased anteroposterior di- 
ameter. Percussion was hyper-resonant gn al- 
most absent breath sounds in the left chest. The 
pulse rate was go and the blood pressure 
200.110 mm Hg. The conventional frontal 
roentgenogram of the chest (Fig. 277) showed a 
voluminous thorax with flattening of the dia- 
phragms. An angiocardiogram (Pigs 2B) showed 
moderate enlargement of the pulmonary artery 

and branches, while the pulmon: ey arterial tree 
ended abruptly -in the mid-zones of the lungs. 
The vascular pattern was interpreted as being 
typical of generalized emphysema except for a 
single large bulla at the left base. Pulmonary 
function studies showed the vital capacity to be 


only 1,409 cc. 


Comment. This case illustrates the char- 
acteristic angiocardiographic features of 
advanced generalized pulmonary emphy- 
sema. 

Case Bilateral bullous emphysema; im- 


proved by right upper lobectomy. A fifty-four year 
old man (N.Y.H. No. 643952) had had a fifteen 





(4) Conventional frontal roent- 


Botox idi reveals a voluminous thorax with increased translucency of the lungs, especially the bases. The 


pulmonary artery segment is prominent. (B) F n: angiocardiogram shows enlargement of the pulmo- 
nary artery and branches. There is marked decrease in the pulmon: y arterial tree, especially of the left 
lung, The right lung shows the wiry (“winter M pattern of generalized emphysema. The teft lung shows 


the abrupt termination of the pulmonary arterial tree due to bullous emphysema. 
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year history of cough with profuse expectora- 
tion. Previously he had had pneumonia and 
bronchiectasis of the left lower lobe. For two 
years there had been increased dyspnea with 
drenching night sweats and loss of twenty 
pounds. He was able to climb only one flight of 
stairs. On examination the patient was thin, 

. pale and chronically ill but there was no cya- 
nosis or edema of the ankles. There was hyper- 
resonance on percussion of the chest while the 
breath sounds were diminished, with wheezes 
over the entire thorax. The conventional frontal 
roentgenogram of the chest showed a volumi- 
nous thorax with increased radiolucency of the 
upper lung fields (Fig. 34). An angiocardio- 
gram (Fig. 38) showed the pulmonary artery 
and branches to be moderately enlarged. The 
pulmonary vasculature of the upper lobes nar- 
rowed abruptly just beyond the hilus. The mid- 
zone pulmonary arterial branches were mark- 
edly decreased in number and caliber and were 
distorted, especially on the right side. The pul- 
monary vasculature of the lower lobes appeared 
displaced downward, more on the right than the 
left side, but were of normal caliber in the mid- 
and outer zones. 

The arterial Os saturation was go per cent 
(predicted value 97 per cent). The pulmonary 
artery pressure was 31/14 mm. Hg at rest and 
57/23 after exercise. The pulmonary vascular 
resistance in dynes per sec. cm.? was 332 (nor- 
mal roo). Pulmonary function studies revealed 
vital capacity of 2,754 cc. (predicted value 
3,803 cc.). The residual volume-total lung ca- 
pacity ratio was 57 per cent (predicted 31 per 
cent). The maximum breathing capacity (in 
liters per minute) was 25 (predicted value 94). 
The index of intrapulmonary mixing alveolar 
Na was 9.7 per cent (predicted value 2.5 per 
cent). The dead space-tidal volume ratio was 
45 per cent (predicted value 30 per cent). 

A right upper lobectomy with a pleural tent 
was performed on December 15, 1952. At opera- 
tion, the right upper lobe was large and cystic 
and was devoid of normal pulmonary tissue. 
The right middle and lower lobes had minimal 
emphysematous changes. On pathologic section 
at least one half of the right upper lobe con- 
sisted of a soft, cystic, almost structureless mass 
which appeared to be totally composed of air 
filled spaces with a thin membranous capsule. 
Microscopically, there was moderate intimal 
thickening of the large arteries. The alveoli were 
dilated with some interalveolar fibrosis. The di- 
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agnosis was emphysema and fibrosis with ar- 
teriosclerosis of the pulmonary arteries. 

Four months later, the conventional frontal 
roentgenogram of the chest (Fig. 3C) revealed 
some deviation of the trachea to the right and a 
dense right apex due to a pleural tent. The right 
lung appeared uniformly well aerated while the 
left upper lung field was overdistended with in- 
creased radiolucency. 


Comment. Angiocardiographic studies in 
this case demonstrated bullae in both 
upper lobes with distortion and compres- 
sion of the vasculature of the lower lobes 
but without the pattern of generalized 
emphysema. These findings with the clin- 
ical and functional studies of the lung 
predicted that surgery would be beneficial, 
and so it proved. The patient returned to 
work; seven years later he was well despite 
the remaining left upper lobe bulla. 


Case 1v. Bilateral bullous emphysema; im- 
proved by bilateral upper lobectomy. A fifty-six 
year old man (N.Y.H. No. 541430) was. exam- 
ined on June 12, 1949, because of severe dysp- 
nea of three years’ duration. During the previ- 
ous six months he had had a chronic, persistent 
and productive cough. On physical examination 
the posteroanterior diameter of the chest was 
markedly increased and there were inspiratory 
and expiratory rales over both upper lobes. The 
conventional frontal roentgenogram of the 
chest showed marked radiolucency in the upper 
halves of the lung fields (Fig. 4.4). Angiocardio- 
grams on May 19, 1949, revealed ccmpression 
of the lower lung field vasculature with mark- 
edly decreased vasculature of the upper lungs 
(Fig. 4B). At operation on June 17, 1949, the 
left upper lobe was completely replaced by sev- 
eral large bullae which compressed and dis- 
placed the lower lobe into the inferior portion of 
the thoracic cage. Left upper lobectomy was 
performed. A large bulla was excised from the 
apical segment of the lower lobe and a pleural 
tent made. Pathologic study of the left upper 
lobe showed multiple bullae varying from 1.5 to 
g cm. in diameter. Microscopically, the cyst 
walls consisted of collagenous connective tissue 
lined in some areas by cuboidal epitkelium. The 
adjacent lung parenchyma had dense bands of 
fibrous tissue traversing it. The final diagnosis 
was bullous emphysema and fibrosis. 


Postoperative angiocardiograms (March g, 
19503 showed the density at the left apex due to 
the pleural tent (Fig. 4C). There was increased 
radiolucency at the left base and marked radio- 
lucency in the upper two-thirds of the right lung 
with compression and displacement of the vas- 
culature into the lower portion. The pulmonary 





Fic. 3. Case ni Bilateral upper labe bullous 
emphysema improved by right upper lobec- 
tomy. (4) Frontal teleroentgenogram shows 
an overdistended thorax, low diaphragms 
and increased translucency of both upper 
lobes. (B) Frontal angiocardiogram shows 
absent pulmonary arterial branches to both 
upper lobes. The descending pulmonary 
arterial branches to the lower lung field are 
compressed by huge bullae. (C) Following 
right upper lobectomy and creation of a 
pleural tent (arrow) there is uniform expan- 
sion of the remaining lung. 


vessels of the left lung appeared uniformly dis- 
tributed, decreased in number and caliber. 

For four years the patient was well and able 
to do regular work but gradually became totally 
disabled because of dyspnea. On April 12, 1954, 
a right upper lobectomy was performed. Patho- 
logic study revealed the pleural surface to be 
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Vic. 4. Case iv. Bullous emphysema improved by bilateral upper lobectomy. (A) Conventional frontal roentgeno- 
gram shows huge bilateral bullae of both upper lung fields with compression of the lower lung fields. (B) 
Angiocardiogram shows absence of pulmonary arterial circulation of the upper lobes with marked com- 
pression of the pulmonary vasculature of the lower lobes. (C) Following left upper lobectomy and forma- 
tion of a pleural tent (arrow), the left pulmonary arterial tree was no longer compressed. Note the appear- 
ance of a large left lower lobe bulla. Despite this, clinical improvement resulted. (D) Four vears later, re- 
curring dyspnea necessitated a right upper lobectomy and pleural tent formation (arrow). This was fol- 
lowed by improvement and return to work, now of five years’ duration, 
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thickened and with many large bullae. The cut 
surface had a honeycomb appearance involving 
one half of the specimen. Marked peribronchial 
inflammatory infiltration was seen. The final 
diagnosis was bullous emphysema, bronchiec- 
tasis and compensatory atelectasis. 

The postoperative conventional frontal 
roentgenogram of the chest taken on June 17, 
1954, disclosed good aeration of the right lung, 
although a radiclucency at the left base was still 
noted (Fig. 4D}. Following this the patient re- 
sumed his regular work but died five years later 
(1959) of emphysema and cor pulmonale. 


Comment. Angiocardiography by reveal- 
ing bilateral upper lobe bullous emphy- 
sema without evidence of generalized 
emphysema strengthened the decision to 
perform surgery on 2 separate occasions 
and eventually restored the patient’s abil- 
ity to work for several years. 


Case v. Bilateral bullous emphysema; right 
pneumothorax cured after excision of bullae and 
blebs. A thirty-eight vear old woman (N.Y.H. 
No. 679045) came to the clinic on March 22, 
1964, with a history of a previous spontaneous 
left pneumothorax. On examination the chest 
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was asymmetric and expanded equally. The 
breath sounds were distant and the lung fields 
were uniformly resonant. Roentgenoscopy re- 
vealed a large cyst in the upper third of the 
right chest which increased in size on deep in- 
spiration and decreased with expiration, An- 
other large cyst in the lower half of the left chest 
was unaltered by respiration. Review of previ- 
ous roentgenograms beginning in 1944 showed a 
progressively enlarging cyst at the left base, 
whereas the cyst in the right upper lung field 
had been unchanged in size during a ten year 
period. Angiocardiography (Fig. £,7) on May 4, 
1964, showed a huge cyst occupying the lower 
two-thirds of the left lung which distorted and 
compressed the left lower pulmonary vascula- 
ture. A smaller cyst was also present in the 
upper third of the right lung. The pulmonary 
vasculature appeared sparse in the upper lobes. 
Pulmonary function data revealed the vital ca- 
pacity to be 2,291 cc. (predicted value 2,816 
cc.). The maximum breathing capacity 1n liters 
per minute was 98 (predicted value 83). 

Surgery on the left side was advised but re- 
fused by the patient. She was re-admitted on 
June 26, 1956, with complaints of mild dyspnea 
on exertion and a chronic nonproductive cough 
of one vear's duration. Just prior to admission 


Fic. g. Case v. Bilateral bullous emphysema complicated by right spontaneous pneumothorax that failed to re- 
expand following suction. (4) Frontal angiocardiogram shows bullous emphysema of both lungs causing 


classic compression of the remaining lung. (B) Two years later, a right spontaneous pneumothorax failec 
to re-expand after suction; excision of cysts restored pulmonary function. 
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the dyspnea suddenly became worse and there 
was chest pain. A frontal chest roentgenogram 
revealed 70 per cent pneumothorax on the right 
(Fig. 5B). Intercostal tube drainage failed to re- 
duce the pneumothorax and so surgical treat- 
ment was advised. At thoracotomy, there was a 
liter of serous fluid in the right chest; a 10X4 
em. bulla was found in the apical segment of the 
upper lobe. The pleural surface of all lobes of 
the lung was studded with multiple (2-3 mm.) 
emphysematous blebs while on the inferior bor- 
der of the middle lobe there were several large 
(2 cm.) blebs. A 6X5 cm. bleb was also present 
in the lateral basal segment of the lower lobe. 
Many blebs were excised; others were trans- 
fixed and covered with pleural grafts. Following 
this the patient made an uneventful recovery. 
On re-examination a year later, dyspnea was no 
longer present although the left lower lobe cyst 
remained. 


Comment. This case illustrates a common 
complication of bullous emphysema—spon- 
taneous pneumothorax. The enlarging cyst 
in the left lung and the symptomatic state 
of the patient warranted surgical interven- 
tion when she was first seen. Later, the 
spontaneous pneumothorax on the opposite 
side with failure to secure re-expansion 
after suction drainage made surgery neces- 
sary in the right side. 


Case v1. Generalized and bullous emphysema; 
failure to improve following left lower lobectomy. 
A thirty-nine year old housewife (N.Y.H. No. 
389560) had had dyspnea and a productive 
cough for seven years. Six years previously she 
had been admitted to another hospital for a 
spontaneous right hydropneumothorax. Re- 
cently, the cough had been productive of one 
cup of greenish sputum daily. Physical exami- 
nation showed moderate respiratory distress 
with difficulty in expiration. There was no cya- 
nosis or edema. The anteroposterior diameter of 
the thorax was increased and the respiratory 
rate was rapid with increased use of accessory 
muscles of respiration. The diaphragms were 
low; the breath sounds were distant and a few 
inspiratory rales were present at both bases. 
The chest was hyper-resonant throughout. The 
conventional frontal roentgenogram of the 
chest showed markedly distended lungs with ex- 
tremely low diaphragms and increased radio- 
lucency of the lower lung fields (Fig. 6.4). 
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Angiocardiograms (Fig. 6B) made on March 
2, 1953, showed moderate enlargement of the 
pulmonary artery and main branches. The pul- 
monary vascular tree appeared wiry. In the 
lower lobes the pulmonary arterial vasculature 
appeared diminished. There was slight distor- 
tion and compression of the peripheral vascular 
pattern in the left lower lung field (Fig. 68). 
Pulmonary function studies were done January 
17, 1950, and revealed the vital capacity to be 
2,800 cc. (predicted value 3,286 cc.), while the 
maximum breathing capacity in liters per min- 
ute was 56 (predicted value 92). On April 8, 
1953, the vital capacity was 1,553 cc. and the 
maximum breathing capacity was 34. The Os 
saturation was 91.8 per cent (predicted value 97 
per cent). After exercise the Os saturation was 
85.7 per cent. The CO, tension was normal at 
rest and exercise. On December 3, 1953, the vi- 
tal capacity was 1,253 cc. and the maximum 
breathing capacity was 22. 

Atoperation, April 5, 1954, theleft lower lobe 
was distended and compressed the left upper 
lobe into a third of its normal volume. Some 
emphysematous changes were visible in the left 
upper lobe, particularly along the lower borders 
and in the lingula. Left lower lobectomy was 
performed and a pleural tent was made. On 
pathologic section, bullae were most prominent 
in the posterior and medial aspect of the left 
lower lobe. The lung tissue occupying the lower 
half of the lobe was very emphysematous and 
spongy in appearance. Fifteen days following 
operation congestive failure developed. Figure 
6C is the postoperative roentgenogram. Severe 
dyspnea persisted and pulmonary function 
studies on May 23, 1955, revealed the maxi- 
mum breathing capacity to be only 19. The O; 
saturation at rest was 89 per cent; with mijd 
exercise it was 85 per cent. The patient continued 
to be dyspneic, developed right sided heart 
failure, fever, and died on December 13, 1955. 

Autopsy showed marked generalized emphy- 
sema of the right lung. The largest bulla was 
only 5 mm. in diameter. However, on the left, 
the lowermost portion of the upper lobe con- 
tained many large bullae. One measured 
6X3X3 cm. and another 6X6X8 cm. The re- 
mainder of the left upper lobe was sponge-like 
in consistency; the largest bulla in the upper 
portion of the lobe was 4 mm. in diameter. Mi- 
croscopically, the alveolar walls were slightly 
thickened; a few alveoli contained hemosiderin- 
filled macrophages. The basement membranes 





of the bronchioles were thickened. There was 
evidence of acute and chronic bronchitis in the 
rigat middle and lower lobes. The small arteries 
were slightly thickened throughout and there 
was considerable atherosclerosis. The diagnosis 
was advanced generalized pulmonary emphy- 
sema in all lobes of the lungs with bullous 
emphysema in the lower portion of the left 


Vic. 6. Case vr. Generalized and bullous em- 
physema unrelieved by left lower lobectomy. 
(4) Conventional roentgenogram showing 
overdistention of the lungs wita increasing 
translucency of the lower lobes. (B) Frontal 
angiocardiogram reveals the wiry pulmon- 
ary arterial pattern of generalized emphys- 
ema of the lower lobes with bullous em- 
physema at the bases. (C) Conventional 
roentgenogram following lobectomy shows 
the left lung pulmonary vascular pattern to 
be improved. However, this was aot followed 
by clinical improvement. 


upper lobe. The heart weighed 458 gm. and 
there was marked right sided hypertrophy and 
dilatation. A ruptured diverticulum and general- 
ized peritonitis were the immed ate causes of 
death. 


Comment. The degree of functional def- 
icit demonstrated by the physiologic data 
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correlated with the localized nature of the 
bullae and the signs of generalized emphy- 
sema visualized on the angiocardiograms 
accurately predicted that little improve- 
ment could be expected after surgery. Al- 
though the localized bullous emphysema 
in the left lower lobe was removed sur- 
gically, the. relentless progress of the gen- 
eralized emphysema was eventually fatal. 


Case vu. Bullous emphysema of the entire 
right lung improved by pneumonectomy. A sixty- 
six year old man (N.Y.H. No. 793691) was ad- 
mitted April 23, 1958, with a history of dyspnea 
of ten years’ duration. Twenty years prior to 
admission he had had a right spontaneous 
pneumothorax which was treated by repeated 
needle aspirations. One week prior to admission 
there were expectoration of blood and pain in 
the-right chest. On physical examination the 
anteroposterior diameter of the thorax was in- 
creased. There was dullness over the right pos- 
terior upper chest, and decreased breath sounds 
with occasional expiratory wheezes were heard 
over the entire right chest; the respiratory rate 
was rapid. The pulse rate was regular, rate 94, 
and the blood pressure was 210/100 mm. Hg; 
the heart was not enlarged. The conventional 
frontal roentgenogram of the chest (Fig. 74) 
showed overdistention of the right lung with 
downward displacement and flattening of the 
right diaphragm. There were large cysts in the 
right lung and extensive fibrosis in the right 
lower lung fields. Frontal laminagrams of the 
chest clearly showed the large cysts of the right 
lung (Fig. 7B). Lateral laminagrams also 
showed that the large cysts occupied almost the 
entire right lung (Fig. 7C). Serial angiocardio- 
grams (Fig. 7D) on April 24, 1958; showed ab- 
rupt termination of the pulmonary arterial vas- 
culature at the right hilus. The left pulmonary 
artery was well visualized and the peripheral 
circulation appeared decreased. 

On April 28, 1958, a right pneumonectomy 
was performed. The major portion of the entire 
right jung contained bullae varying from I to Io 
cm. in diameter. One large cyst dissected be- 
tween the bronchus and the right pulmonary 
artery had almost completely shut off the circu- 
lation to the right lung. Bullae also extended 
into the mediastinum where they compressed 
and displaced the esophagus. On pathologic 
section, the right lung appeared markedly 
lobulated with many bullae and blebs over the 
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entire surface. There was extensive pleural 
thickening. Microscopically, the pulmonary 
arterial walls were thickened. The alvzolar walls 
were thin and the alveoli were distended in 
many areas. The diagnosis was extensive bul- 
lous emphysema and interstitial fibrosis. The 
patient has remained well for two years. 


Comment. Laminagraphy showed the 
changes of advanced bullous emphysema 
in the right lung to advantage, whereas 
angiocardiography revealed almost com- 
plete obstruction of blood flow to the 
right lung due to compression of the right 
pulmonary artery by bullae. These studies 
accurately foretold the benefit of pneumo- 
nectomy. 


Case vir. Bilateral bullous emphysema with 
spontaneous left pneumothorax; improved by seg- 
mental resection. A fifty-nine year old man 
(N.Y.H. No. 657937) had had sudden onset of 
severe dyspnea and pain in the left chest six 
days prior to admission in December, 1955. On 
physical examination, the chest was symmetric 
and the left chest was hyper-resonant. The 
breath sounds in the left upper anterior chest 
were increased but were decreased taroughout 
the remainder of the left chest. The pulse rate 
was 70 and regular and the blood pressure was 
180/90 mm. Hg. Conventional roentgenograms 
of the chest showed a 50 per cent pneumothorax 
in the left lung in addition to large cyats in both 
upper lobes. Two years earlier (1953) the con- 
ventional frontal roentgenogram of the chest 
showed large cysts occupying the vpper one- 
third of both lungs (Fig. 84). Angiocardio- 
grams at that time (June 12, 1953) revealed 
the entire right pulmonary arterial tree to be 
compressed into the lower two-thirds of the 
chest (Fig. 8B). The vasculature of the upper 
one-third of the left lung was also compressed 
laterally. Other angiocardiographic studies on 
December 6, 1955 (Fig. 8C) showed a left 
pneumothorax with almost complete zollapse of 
the left lower lobe. The left upper lobe vascula- 
ture appeared compressed laterally to a greater 
extent than on the previous study, whereas the 
vasculature in the right chest appeared un- 
changed in the two year interval. 

Pulmonary function studies on December 7, 
1955, revealed the vital capacity to be 3,010 cc. 
(predicted value 3,635 cc). The maximum 
breathing capacity was 65 (predicted value 
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Via, 7. Case vir. Bullous emphysema of the right lung, improved by pneumonectomy. (A) Frontal roentgenogram 

shows multiple bullae of the right lung, especially at the base. (B) Frontal laminagram shows numerous 
cysts in the right lower lobe. (C) Right lateral Jaminagram reveals the size of the bullae. (D) Frontal an- 
giocardiogram shows narrowing of the superior vena cava (arrow) and absence of right pu monary arterial 
blood flow (arrow). PA is the pulmonary artery and RPA is the right pulmonary artery. 


103). At operation on December 12, 1955, a ten- 
sion pneumothorax was present and there was 
marked overdistention of the apicoposterior 
segment of the left upper lobe due to numerous 
large bullae. A segmental resection was done 
and a pleural tent formed. In the remaining 


lung there were three small blebs. On patho- 
logic study many blebs measuring 2-3 cm. in 
diameter were present on ore margin of the 
lung segment. There was markec fibrous thick- 
ening around some of the bronchioles and along 
the alveolar walls. The pleura was also thick- 





ened, The diagnosis was bullous emphysema 
and fibrosis. 

Postoperative frontal roentgenograms of the 
chest showed a re-expanded left Jung with a 
pleural tent at the apex. There was a 4X3 cm. 
cyst just beneath the pleural tent. The cyst in 
the right upper Jung field appeared much 
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Fic. 8. Case vin. Bilateral bullous emphysema 
improved by segmental resection after left 
spontaneous pneumothorax, Cd) Conven- 
tional frontal roentgenogram showing bi- 
lateral upper lung field bullous emphysema. 
(B) Angiocardiogram showing compression 
of the lower lobes. (C) Angiocardiogram fol- 
lowing a left spontaneous pneumethorax 
showing absent vascularity of the left lower œ 
lobe. 


smaller than on previous studies (Fig. 8). Re- 
peat angiocardiograms on April 18, 1957 (Fig. 
SE) showed a moderately enlarged pulmonary 
artery and branches. The sparse right upper 
lobe vasculature was compressed laterally but 
to a much lesser extent than in the previous 
studies. A cyst just below the lefr pleural tent 
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Fic. 8. Case vin. (D) Improvement followed segmental resection of the left lung and formation of a pleural 
tent (arrow). (E) Angiocardiogram following operation shows return of the normal pulmonary arterial 


pattern in the left lung. 


was also seen. Following operation the patient 
became asymptomatic and resumed work. 


Comment. Although angiocardiography 
indicated that the bullous emphysema was 
more extensive on the right side, spon- 
taneous pneumothorax on the left side 
necessitated surgical intervention. Spon- 
taneous improvement in the right lung 
made further surgery unnecessary. 


DISCUSSION 


Bullae (pneumatoceles) are hyperin- 
fated intrapulmonary cavities produced by 
the marked distention of a defect in the 
pulmonary parenchyma.’:4 Blebs are simi- 
lar to bullae except that they are subpleural 
rather than intraparenchymal; both have 
indirect bronchial communication and phys- 
iologicallv exhibit air trapping.^ Pulmo- 
nary cvsts are congenital in origin, are lined 
by cuboidal or columnar epithelium. and 
have frank bronchial communications 
which are frequently partially filled with 
fuid. 

The etiology of pulmonary emphysema 
is not as vet completely defined. It is 


generally agreed that the primary lesion is 
one of bronchiolar obstruction with sub- 
sequent air-trapping distal to the obstruc- 
tion. There is loss of pulmonary elasticity 
and finally there is disruption of the alveo- 
lar walls with bulla formation. The cause 
of the obstructive phenomena is attributed 
to a variety of histopathologic changes. 
Amberson and Spain, and Spain and 
Kaufman? have surmised that chronic 
bronchiolitis and peribronchiolitis involv- 
ing terminal bronchioles result in stiffening 
of the walls and narrowing of the lumina. 
The inflammation and subsequent fibrosis 
involve the musculature and elastic com- 
ponents and interfere with the tone and 
action of the involved bronchiolar walls. 
Inspiration tends to expand the narrowed 
bronchioles allowing passage of air into 
the respiratory alveoles ard alveoli. On 
expiration, however, the caliber of the nar- 
rowed bronchioles is further reduced and 
delays emptying of the alveoli of the in- 
volved lobules. This check-valve mecha- 
nism tends to dilate alveoli. Because the 
chronically distended alveoli receive a 
diminished blood and oxygen supply, 


242 


atrophy and disruption occur.” The pres- 
ence of tenacious mucus in the bronchial 
passages also aggravates the mechanism. 

McLean! proposed that obstruction of 
small bronchioles with mucous plugs occurs 
in acute bronchiolitis. If obstruction per- 
sists there may eventually be obliteration 
of the bronchiole, particularly in the proxi- 
mal order of respiratory bronchioles. Dur- 
ing the phase of obstruction there is col- 
lateral ventilation of the distal alveoli 
through the alveolar pores of Cohn. Dur- 
ing inspiration there is good collateral 
ventilation of the alveoli in the regions 
distal to the obstruction while in expiration 
the channels become narrow and tortuous 
and cause some degree of air trapping. Re- 
current infections with subsequent bron- 
chiolar obliteration promote and poten- 
tiate air trapping with its associated alveo- 
lar distention. There is then reduced blood 
flow in the capillaries of the collaterally 
ventilated alveolar walls due to distention 
of the alveoli by the increased pressure of 
the trapped air. With decreased blood flow, 
there are decreased oxygen supply and 
nutritive factors with subsequent loss of 
elasticity and atrophy of the alveolar walls. 
The alveolar pores of Cohn increase in size 
at the expense of the wall and are reduced 
in thickness. As the process continues 
many of the septa break and a large bulla 
is formed.? The most severe emphysema- 
tous changes are seen in sites where col- 
lateral ventilation is restricted by tissue 
impervious to air, near the pleura or scar 
tissue. 

Peirce and Dirkse?? in 1937 described 
the development of pneumatoceles as com- 
plications of lobar or lobular pneumonia. 
They postulated a persistent check-valve 
effect in the bronchus due to nonresolution 
of the initial inflammation of the bronchus 
or a subsequent distortion by the dilated 
air spaces. In only one of their 4 cases did 
the pneumatoceles disappear despite al- 
most complete clearing of the surrounding 
parenchymal infiltrations. Other obstruc- 
tive factors have also been proposed to ex- 
plain special instances of localized emphy- 


K. M. Jensen, L. Miscall and I. Steinberg 


Fepruary, 1961 


sema. Shaw” noted that the bronchi of the 
affected lobes were abnormally flaccid and 
suggested that localized chondromalacia of 
the bronchus results in expiratory bronchial 
collapse with obstructive emphysema dis- 
tal to the block. Ferguson and Neuhauser? 
described absent cartilaginous rings in the 
left main bronchus of 2 cases with em- 
physema of a whole lung. Robertson and 
James? reported a case wherein a large vein 
hooked around the right upper lobe bron- 
chus resulting in narrowing of the bronchial 
lumen. In another case, valve-like mucosal 
flaps were present in the right upper lobe 
bronchus and were considered responsible 
for the obstructive distention of the lobe. 
The role of chronic bronchiectasis, asthma, 
attacks of bronchiolitis and pneumonitis in 
bullous emphysema is well known and has 
long been stressed.‘ 

History and physical examinations in 
association with chest roentgenograms are 
important for evaluation of pulmonary 
emphysema. Roentgenoscopy of the chest 
also should be performed to estimate 
diaphragmatic, mediastinal and thoracic 
cage mobility. Changes in radiolucency of 
special areas of the lung during respiration 
should be surveyed to evaluate the degree 
of air trapping in bullae. The amount of 
compression of surrounding lung paren- 
chyma by bullae should also be noted. 
Bronchoscopy in selected patients with 
emphysema helps to rule out foreign 
bodies or endobronchial lesions. Bronchog, 
raphy is hazardous, especially when there . 
is severe dyspnea. It is sometimes helpful 
in differentiating cystic bronchiectasis, 
congenital pulmonary cysts? and abnormal 
transradiancy of one lung? from bullous 
emphysema. Laminagraphy has also been 
useful for locating bullae (Fig. 7, B and C). 

Cardiopulmonary and  bronchospiro- 
metric studies have provided physiologic 
data for clarifying functional deficits in 
patients with emphysema. The arterial O, 
saturation, the degree of CO, retention, the 
maximum breathing capacity, the alveolar 
index and the residual volume to lung ca- 
pacity ratio are all helpful data. In bullous 


Var. 85, No, 2 


emphysema relative hypoventilation of 
some compressed normal parenchyma, al- 
though well perfused, causes elevated ve- 
nous admixture ratios which augment 
hypoxia and hypercapnia. Abnormal ven- 
tilation perfusion relationships in both gen- 
eralized and localized bullous emphysema 
with lung compression can produce hypoxia 
and even hypercapnia. A high residual vol- 
ume, poor alveolar mixing and a decreased 
maximum breathing capacity could be due 
to bullae communicating with the lung, a 
high degree of air trapping, to bullae com- 
pressing normal adjacent parenchyma and 
obstructing ventilation, or to generalized 
emphysema. The specific differentiation of 
patients with localized bullous emphysema 
with compression of either relatively nor- 
mal or emphysematous adjacent lung pa- 
renchyma from those with generalized pul- 
monary emphysema on the basis of phys- 
iologic data alone may be difficult? 3701.2% 

The patients with bullous emphysema 
who may be benefited by surgery may be 
classified into four groups: bullae with re- 
current pneumothorax on one or both 
sides;>* infected bullae (tuberculous or non- 
tuberculous); bullae increasing in size; 
and bullae with progressive symptoms of 
dyspnea, chest pain, cough and sputum. 
Patients in the first three groups can be 
frequently found to be suitable for surgery 
without the need of angiocardiographic 
study. In the fourth group, the basic prob- 
Jem is how to differentiate the patients 
whose symptoms are due to bullous em- 
physema from those with symptoms re- 
lated primarily to generalized pulmonary 
emphysema. 

Angiocardiography by outlining the pul- 
monary vasculature is useful for determin- 
ing the degree of generalized and bullous 
types of emphysema. For example, in 
generalized emphysema (Fig. 1, B and C; 
and 28) the characteristic “winter tree 
pattern" is evident. The pulmonary ar- 
terial branches taper abruptly in the mid- 
zone and continue in a wiry pattern caus- 
ing delaved blood flow. Bullae (Fig. 3B; 4, 
B and C; sd; and 8, B, C and Æ are 
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avascular and distort and compress the 
pulmonary arterial tree. The degree of 
functional impairment of the surrounding 
parenchyma can thus be judged. Com- 
bined generalized and bullous emphysema 
may be difficult to evaluate even with 
angiocardiography (Fig. 68>. The correla- 
tion of the patient’s clinical status, pul- 
monary functional deficits, degree of bul- 
lous involvement and the extent of gen- 
eralized emphysema seen angiocardio- 
graphically are the best criteria for select- 
ing the patient suitable for surgery. 


SUMMARY AND CONCLUSIONS 


Fight patients with disabling emphv- 
sema were selected to illustrate the role of 
angiocardiography in the diagnosis and 
treatment of their disease. In generalized 
emphysema, the pulmonary vasculature 
resembles a “winter tree” pattern in that 
there is tapering and constriction of the 
peripheral pulmonary arterial tree. In 
bullous emphysema, there is diminution or 
absence of pulmonary vasculature because 
of the cysts. More important, though, is 
recognition of compression of the neighbor- 
ing lung by the cysts. For it is reasonable 
to hope that the removal of useless portions 
of the lung will not only benefit pulmonary 
function but that the restoration of pre- 
viously compressed pulmonary segments 
and lobes will improve it. Furthermore, if 
it can be proved that hypoxia and cor 
pulmonale are due to localized bullous 
emphysema, the indication for surgery is 
strengthened. 

Angiocardiography by revealing the pul- 
monary vasculature readily discloses the 
patterns of generalized anc bullous em- 
physema and also shows the state of the 
adjacent circulation. In a series of 8 cases, 
2 patients had advanced generalized em- 
physema which overshadowed the bullous 
changes and contraindicated surgery. In § 
other patients with predominating bullous 
emphysema, even though bilateral, angio- 
cardiography aided in evaluating the de- 
gree of compression caused by the pul- 
monary cysts. Surgical improvement fol- 
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lowed excision of cysts, segments, lobes 
and lung. In one case, though, excision of a 
left lower lobe bulla failed to halt the relent- 
less progress of the generalized emphysema. 

Various surgical procedures successfully 
employed in the treatment of 5 patients 
with bullous emphysema are discussed. 
These are transfixing blebs and covering 
with pleura, segmentectomy, lobectomy, 
and waiting for spontaneous regression of 
bullae. Dominant principles are the exci- 
sion of as little normal lung tissue as possi- 
ble and the prevention of overdistention of 
the lung by forming a pleural tent. 

Although cardiopulmonary and broncho- 
spirometric evaluation of patients provides 
physiologic data useful for clarifying func- 
tional deficits, it cannot always differ- 
entiate the patients who are symptomatic 
primarily due to bullous emphysema from 
those who are symptomatic due to general 
emphysema. It is precisely in such situa- 
tions that angiocardiography becomes im- 
portant, for, by visualizing the pulmonary 
circulation, the areas of generalized and 
bullous emphysema can readily be demon- 
strated. Furthermore, the effects of the air 
cysts on the neighboring circulation can 
be evaluated. 

Accordingly, it is concluded that angto- 
cardiography may be useful for the selec- 
tion of the case likely to be helped by the 
removal of cysts and bullae. It is also 
valuable for assessing the improvement in 
the pulmonary circulation following sur- 
gery. Angiocardiography is obviously not 
necessary in order to decide that operation 
is needed by patients with bullae who have 
recurrent pneumothoraces, pulmonary and 
pleural infections or enlarging bullae. 


Israel Steinberg, M.D. 

The New York Hospital—Cornell Medical Center 
$25 East 68th Street 

New York 21, New York 


ADDENDUM 


After completion of this study, two new 
papers dealing with the roentgen diagnosis 
of emphysema were published: Fraser, R. 
C., and Bates, D. V. Body section roent- 
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genography in the evaluation and differ- 
entiation of chronic hypertrophic emphy- 
sema and asthma. Am. J. ROENTGENOL., 
Rap. THERAPY & Nuciear MED., 1959, 
82, 39-62 and Margolin, H. N., Rosenberg, 
L. S., Felson, B., and Baum, G. Idiopathic 
unilateral hyperlucent lung: a roentgeno- 
logic syndrome. Am. J. ROENTGENOL., 
Rap. THERAPY & Nucrear MED., 1959, 
82, 63-75- 
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COLLATERAL VENTILATION AND 
LOCALIZED EMPHYSEMA* 


By MORRIS M. CULINER, M.D., and. STANLEY B. REICH, M.D. 
SAN FRANCISCO, CALIFORNIA 


y pulmonary emphysema pre- 
-4 sents a problem in the differential 
diagnosis of its pathogenesis. Awareness of 
- the sequelae of segmental bronchial ob- 
struction and the resultant regional col- 
lateral ventilation may simplify the prob- 
lem. In this paper we shall not concern 
ourselves with the disease entity of general- 
ized emphysema and its pathogenesis, but 
rather with localized emphysema in associ- 
ation with obstruction of a segmental or 
subsegmental bronchus. In 1931 Van Allen 
and Lindskog?® demonstrated collateral 
ventilation in the experimental animal. 
Subsequently, with the development of the 
field of thoracic surgery, surgeons became 
familiar with the phenomenon of transseg- 
mental filling of lung segments through 
collateral channels, despite the surgical 
occlusion of the segmental bronchi which 
normally would ventilate those specific 
segments. These collateral channels are 
communications through the interalveolar 
septa. They are frequently referred to as 
the pores of Kohn,‘ following his descrip- 
tion of them in 1893. The presence of such 
openings, which permit the passage of gases 
from alveoli of one segment to those of ad- 
jacent segments, has been substantiated 
frequently in recent medical literature by 
Macklin,® Loosli,® and others. In contradis- 
tinction to the segments of the lobe, the 
total lobe is an isolated unit with essentially 
no collateral channel communications with 
adjacent lobes. Thus, total lobar bronchial 
obstruction is invariably followed by 
collapse of the lobe and absence of aera- 
tion. 

Clinically, segmental bronchial occlusion 
may be followed by ventilation of that seg- 
ment of lung tissue through collateral 
channels. By virtue of the abnormal me- 


chanics of ventilation through the collateral 
conduits, emphysematous changes may oc- 
cur in the lung thus filled. Air drift through 
the pores of Kohn occurs more readily 
during expansion of the lung than during 
contraction. With expansion of the thoracic 
cage and the lung within it, the pores of 
Kohn are widely patent. McLean’ offers the 
hypothesis that the positive pressure of 
expiratory contraction of the chest wall 
and lung causes collapse of the pores of 
Kohn. In essence, there is a check-valve 
mechanism at each of these collateral path- 
ways. Thus, localized obstructive emphy- 
sema may follow long continued aeration of 
a portion of lung through collateral chan- 
nels. Finding this localized emphysema 
roentgenologically may provide the clue to 
the basic pathogenetic factor. This would 
not be detected on routine chest roentgeno- 
grams. Further roentgenologic and clinical 
studies are indicated. 

In a previous report? we presented 3 
clinical cases of localized emphysema sec- 
ondary to segmental or subsegmental 
bronchial occlusion. In these cases develop- 
mental bronchial fluid-filled cystic abnor- 
malities were shown to be the cause of 
bronchial occlusion. Churchill? has dis- 
cussed the occasional finding of aerated 
lung tissue peripheral to bronchi or bronchi- 
oles which were replaced by scar tissue in a 
disease which he termed “obliterative 
bronchitis or bronchiolitis.” McLean’ has 
also discussed inflammatory bronchiolar 
obliteration in the pathogenesis of general- 
ized emphysema. 

At this time we wish to describe an in 
vivo experimental demonstration of col- 
lateral respiration and to report 2 clinical 
cases which showed the emphysematous 
end-result of collateral respiration. 


* From the Departments of Surgery and Radiology, Mount Zion Hospital, San Francisco, California. 
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Vic; r. Roentgenegram C647) and photograph (B) show total collapse and lack of aeration when the bronchus 


of the exteriorized lobe is open to atmospheric pressure. 


EXPERIMENTAL DEMONSTRATION 

i mongrel dog was anesthetized and an 
endotracheal Normal 
ventilation was maintained through the 
endotracheal tube by the use of a Bird 
respirator which permitted inspiratory and 
expiratory eveling at any desired pressure. 
A thoracotomy was performed and the left 
lower lobe was lifted through the incision, 
though its vascular and tracheobronchial 
continuity was maintained. The segmental 
bronchi to the lower lobe were identified 


tube was inserted. 


and isolated. Simultaneous roentgenograms 
and photographs were taken at various 
stages of the experimental procedure, but 
with the different lobar positions required 
by roentgenologic and photographic needs. 

In Figure 1, .7 and B, it can be seen that 
the lower lobe is fully deflated when the 
endotracheal tube is open to atmospheric 
pressure, 

Figure 2, -Z and B, shows that inflation 
of the lobe is partially obtained bv ventila- 
tion. through a single patent segmental 





Fic, 2. Aeration of only a sing 





le segment is demonstrated. The photograph (4) and roentgenogram (B) 


were taken after ten minutes of cycled ventilation at 20 em. of water pressure through a single patent 


segmental bronchus. 
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Fic. 3. Roentgenogram (4) and photograph (B) demonstrate total aeration of one segment and beginning 
inflation of the other segments. This degree of aeration followed within one minute of cycled ver tiation 


at 40 em. of water pressure through a single patent segmental bronchus. 


bronchus under pressure of 20 cm. of water 
for a period of ten minutes. The other seg- 
mental bronchi of this lobe were clamped 
and totally occluded. The segment with the 
patent bronchus rapidly expanded and the 
segments with the occluded bronchi re- 
mained collapsed. Thus the pressure of 20 
em. of water (normal endobronchial pres- 
sure of the respiratory cycle varies from 
minus 2 em. of water to plus 4 cm. of water 
during quiet respiration') failed to inflate 
any segment other than that which had a 
patent segmental bronchus. There was con. 
tinued collapse of the segments where the 


segmental bronchi remained clamped and 
obstructed, 

Figure 3, .7 and B, shows inflation being 
obtained through a single patent segmental 
bronchus through which pressure of 40 cm. 
of water was exerted. The other segmental 
bronchi were occluded by clamping. This 
roentgenogram and photograph were taken 
one minute after pressure was applied by 
using the cycling Bird respirator. They 
show rapid expansion only of the nonob- 
structed segment of lung. 

In Figure 4, .7 and B, taken after five 
minutes of cycled respiration at 40 cm. of 








Fic. 4. Roentgenogram G4) and photograph (B) demonstrate complete aeration of the total lobe, This re- 
sulted from cycled respiration at 40 cm. of water pressure through a single patent segmental bronchus for 
a period of five minutes. 























A 





Vic. s. (4 and B) Following total inflation, 


water pressure, complete aeration of both 
the obstructed and nonobstructed segments 
of the lobe is demonstrated. The segments 
with obstructed segmental bronchi must 
have been inflated through the collateral 
channels across the intersegmental planes. 

Figure s, Æ and B, shows a totally in- 
flated lobe which was permitted to deflate 
through a single patent segmental bronchus 
when the bronchus was exposed to atmos- 
pheric pressure. Only the nonobstructed 
segment collapsed. The segments with 
obstruction of their bronchi remained in- 
flated. This indicated that, when inflated 
segments with obstructed bronchi are sub- 
ject only to the inherent elastic recoil of the 
lung, the collateral pathways also become 
obstructed because of their check-valve 
mechanism. Marked compression must be 
exerted upon these segments to cause es- 
cape of the contained gases through their 


collateral channels. 
REPORT OF CASES 
Case 1 (Fig. 6, A and B). E.W., a forty-one 


year old Negro male, presented on a routine 
chest *roentgenogram right upper lobe emphy- 
sema”and a right parahilar mass of water den- 
sity. The patient was asymptomatic. He was 
admitted to the hospital on October 22, 1958 
for investigation and treatment. 
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deflation was permitted through a single 
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patent segmental 
bronchus. Only that segment normally ventilated by the patent segmental bronchus ccllapsed signifi- 
cantly. Collapse of the other segments through the collateral channels was minimal after fifteen minutes. 


The orifices of 
the three segmental bronchi of the right upper 
lobe were visualized and were normal. Broncho- 
grams showed an obstruction of the bronchus 
of the anterior segment at a point just beyond 
its orifice. A large mass was seen adjacent to the 
obstructed bronchus. Laminagrams demon- 
strated the large parahilar mass as well as sev- 
eral smaller masses extending anteroinferiorly. 
The masses were seen to lie within the emphy- 
sematous lung tissue. Those segmental bronchi 
which filled with contrast material branched 
into normal appearing lung tissue. 

On November 12, 


Bronchoscopy was negative. 


1958 thoracotomy re- 
vealed that the anterior segment of the right 
upper lobe was markedly OE and 
was compressing the apical and posterior s seg- 
ments. The right middle lobe and the right 
lower lobe s show ed no emphysematous changes, 


The parahilar mass contained clear viscid 
fluid. The lumen of the cystic mass was not in 
continuity with the tracheobronchial tree 


proximally or distally. There were several simi- 
lar but smaller cysts more peripherally in the 
lung of the same segment. The bronchus of the 
anterior segment ended blindly at the proximal 
end of the cystic mass. The right upper lobe was 
excised. Microscopic sections showed bronchial 
cystic spaces lined by either columnar or 
pseudostratified columnar epithelium which 
rested upon laminated layers of fibrous tissue. 
There was no cartilage in the fibrous tissue. The 
surrounding pulmonary parenchyma was ex- 
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Mic. 6. Case 1. C7) The mucocele is demonstrated lying within a localized area of emphysema. (B) The 
stump of the anterior segmental bronchus is shown. Adjacent to this lies the branched mucocele sur- 


rounded by emphysematous tissue. 


tremely emphysematous and contained very 
few widely scattered — pigment-containing 
macrophages. There were some adjacent re- 
gions where the pulmonary parenchyma was 
atelectatic; here the bronchi were normal in 
caliber and architecture. 

In this patient. the 
bronchus was totally occluded, secondary to 
anomalous deformities. Collateral ventilation 
maintained aeration of the segment, causing, 
ultimately, emphysematous changes. 

Case i1 (Fig. 7, .4-D). R.D.S., a twenty-five 
vear old white male, presented on a routine 
chest roentgenogram a small right parahilar 
mass and peripheral to this an area of pulmo- 
nary emphysema. He was asymptomatic. The 
similarity of the roentgenographic appearance 
to that previously seen suggested the diagnosis 
of pulmonary cvst or mucocele in association 
with pulmonarv emphysema. 

The roentgenologic examination showed: (1) 
a 1.6 cm. parahilar mass with an air-Huid level 
within it on the routine upright roentgenogram. 
The lateral decubitus view showed a shift of the 


anterior segmental 


air-fluid level; (2) a cystic structure, irregular 
in outline, measuring up to 4 cm. in greatest 
diameter on posteroanterior and lateral lam- 
inagraphy. This appeared to lie within the 
superior segment of the right Jower lobe; (3) the 
obstructive air-trapping phenomenon of pulmo- 
nary emphysema on expiration roentgeno- 
grams. The adjacent right lower lobe and right 
middle lobe were compressed and the mediasti- 
num was shifted to the left. This was best seen 
on the bronchograms; and (4) apparent filling 
of all segmental bronchi, but with no flow of the 
contrast medium to the emphysematous pa- 
renchymal area on bronchograms. 

The normal filling with contrast material of 
all segmental bronchi indicated that the bron- 
chial cystic architectural alteration had oc- 
curred in a bronchial subdivision distal to a 
segmental bronchus. The apparently normal 
bronchogram, showing all segmental bronchi, ts 
not a true indication of a completely normal 
bronchial tree, since alterations of architecture 
of the bronchi beyond the tertiary bronchi are 
difficult to discern. 





Ero. 


Again in this patient, an anomalous obstruc- 
tive bronchial deformity resulted in collateral 
aeration followed by emphysematous changes 
of the lung parenchyma. 


DISCUSSION 

The experimental findings in the dog 
whose chest wall had been opened and 
whose lung was no longer subjected to the 
intrapleural pressures of the respiratory 
cycle cannot be applied wholly to the hu- 
man lung lying within an intact thorax. 
However, pressure differentials between the 
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7. Case ri, (A; The cystic structure showing a fluid meniscus is seen lying medial to an area of localized 
emphysema. (B) Posteroanterior and (C) lateral laminagrams further demonstrate the evstic structure 
lying within the area of emphysema. (D) Bronchogram made during expiration clearly shows the air- 
trapping phenomenon of the area of emphysema. 


obstructed and the nonobstructed segments 
in the lobe exposed to atmospheric pressure 
roughly parallel those of the segments 
within the intact thorax. 

By applying a broad interpretation to 
these pressure measurements in the experi- 
mental animal in conjunction with our 
specific pathologic findings in clinical cases, 
we have evolved the following concept of 
the pathogenesis of emphysema in associa- 
tion with segmental bronchial occlusion. 
Segments with obstructed bronchi will 
remain collapsed with endobronchial pres- 
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sures of ordinary respiration. When endo- 
bronchial pressure is elevated to the range 
of 40 cm. of water pressure (as it so read- 
ily is in straining or coughing), the ob- 
structed segments become aerated through 
collateral channels from contiguous normal 
segments with patent bronchi. Once these 
segments are aerated, the subsequent 
escape of air from them is inhibited by the 
check-valve mechanism at the collateral 
channels. Over the years the segments 
aerated through collateral channels become 
increasingly. distended and ultimately true 
obstructive emphysema occurs. 

Aeration, rather than collapse of lung 
tissue beyond the point of segmental bron- 
chial obstruction, depends on continued 
collateral ventilation. However, collateral 
channel air drift may be impeded by the 
following factors: (1) insufficient pressure 
differential between the segments with 
patent bronchi and those with obstructed 
bronchi; (2) accumulation of bronchial 
secretions distal to the point of bronchial 
obstruction and retrograde filling of the 
alveoli with these secretions; and (3) in- 
flammatory exudate and inflammatory 
tissue organization in the lung tissue. 
Under these conditions, continued aeration 
is not possible, since the “wet lung” or the 
“organized lung” will obviously not permit 
continued collateral respiration. Conse- 
quently, collapse of the lung tissue often 
follows segmental bronchial obstruction. 


SUMMARY 
An experimental demonstration of col- 
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lateral respiration and aeration of lung seg- 
ments in which the bronchi were obstructed 
is presented. Clinical cases showing em- 
physema of such segments caused by the 
abnormal mechanics of chronic collateral 
respiration are reported. 

When localized areas of emphysema or 
hyperaeration are found, the basic etiologic 
factor of segmental or subsegmental bron- 
chial obstruction or obliteration should be 
sought. Then the role of collateral respira- 
tion in the pathogenesis of regional emphy- 
sema or hyperaeration will be recognized 
and understood. 


Morris M. Culiner, M.D. 

Mount Zion Hospital and Medical Center 
1600 Divisadero Street 

San Francisco, California 
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IDIOPATHIC UNILATERAL HYPERLUCENT LUNG* 
REPORT OF A CASE COMPLICATED BY PNEUMONIA 


By HERBERT BILLINGSLEY FRANCIS, CAPTAIN, USAF(MC) 
Wheelus Air Force Base 
TAGURIA, LIBYA, NORTH AFRICA 


NCE described and recorded in the 

literature, newly recognized syn- 
dromes are usually immediately discovered 
in increasing numbers.” So it will probably 
be with idiopathic unilateral hyperlucent 
lung which has also been termed the “lazy 
lung." 

It is intended here to report one addi- 
tional case which, I believe, demonstrates 
to good advantage the classic roentgeno- 
logic signs described by Margolin ef al.’ 


REPORT OF A CASE 


N.B., a twenty-nine year old white female, 
was referred for a routine chest roentgenogram 
in February, 1959. This revealed f abnormal 
radiolucency of the entire left lung'due to a 
marked decrease in the vascular pattern on this 
side (Fig. 1). There was no evidence of overex- 
pansion on the left and it was the initial im- 
pression that this represented absence or hypo- 
plasia of the left pulmonary artery. The pa- 
tient was subsequently hospitalized for further 
diagnostic studies. 

Past history revealed a "double pneumonia” 
at the age of two years of such severity that her 
physician did not expect her to recover. Until 
about the age of ten years, the patient had a 
persistent "wet cough” with an apparent pre- 
digposition to numerous respiratory infections. 
Since that time, however, she has been asymp- 
tomatic and in excellent health. There has been 
no dyspnea associated with ordinary exertion 
or hemoptysis at any time. The chest roent- 
genograms of her two living children were nor- 
mal. The family history was noncontributory. 

Physical examination disclosed a quite 
healthy appearing young white female. All 
vital signs were normal. There was no differ- 
ence observed in the expansion of the two sides 
of the thoracic cage. The only positive physical 
finding was the presence of loud, medium dry 
rales occurring at the terminal portion of in- 
spiration over the entire left hemithorax, which 


persisted following coughing. On direct ques- 
tioning, the patient recalled several physicians 
in the past commenting on the auscultatory 
finding of adventitious sounds in her left chest. 
Routine laboratory work was within normal 
limits. 

Fluoroscopy during respiration revealed 
some restriction of the left hemidiaphragm 
with no significant mediastinal shift. The left 
hilus was quite small and normal pulsations of 
the hilar vessels were not observed. The most 
striking finding was a constant density of the 
entire left lung field with failure to “cloud up” 
normally on expiration (Fig. 2). 

Pulmonary angiography was performed by 
injecting 30 cc. of go per cent hvpaque with a 
No. 13 needle into an antecub-tal vein. The 





Fic. 1. Routine chest roentgenogram taken during 
inspiration reveals increased radioliceney of the 
entire left lung, apparently due to a decrease of 
vascular shadows, with no evidence of overexpan- 
sion, 


* This paper represents the personal viewpoint of the author and is not to be construed as a statement of officiel Air Force policy. 
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Fic. 2. Expiration roentgenogram shows normal 
clouding of the right lung field without increase in 
density on the left side. There is no significant 





mediastinal shift. Fic. 4. Bronchogram demonstrates the terminal 
“club type” of bronchiectasis on the left side with 
angiogram demonstrated a marked diminu- normal patency and arrangement of the major 


bronchi. Note absence of alveolar filling. The right 


tion of the pulmonary circulation on the left e 
: side is normal. 


side (Fig. 3). Bronchography revealed a normal 
anatomic pattern of the major and minor f : ; f 
bronchi bilaterally, but on the left side an un- Approximately four months following the 
usual type of terminal bronchiectasis or club- above procedures, the patient was admitted to 
bing was demonstrated with no alveolar filling the hospital with clinical symptoms and signs 
even on a delayed roentgenogram (Fig. 4 and 


5). 





Fie. 3. Pulmonary angiogram proves the presence of 
a hypoplastic left pulmonary artery with normal — Fic. g. Oblique bronchogram of the left upper lobe 
or increased circulation to the right lung. area shows the terminal clubbing in detail. 





Mic. 6. Posteroanterior roentgenogram shows acute 
left lower lobe pneumonia, which developed four 
months following the above procedures and 
cleared rapidly on antibiotic therapy leaving no 
residual. 


of an acute left lower lobe pneumonia. Roent- 
genography at that time revealed a typical 
pneumonie infiltration in the left lower lobe 
(Fig. 6) which cleared rapidly on antibiotic 
therapy, leaving no change in the appearance 
of the follow-up chest roentgenogram from the 
original (Fig. 1). This was the first recorded 
pulmonary infection since childhood. 


DISCUSSION 

The aforementioned changes, consisting 
Of (1) increased radiolucency of an entire 
lung or lobe, with a constant normal 
volume during inspiration and expiration: 
(2) a small hilar shadow with diminution in 
pulmonary vascularity proved by pulmo- 
nary angiography, and (3) the peculiar 
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terminal bronchiectatic pattern with lack 
of alveolar filling but with normal patency 
and distribution of the major and minor 
bronchi, characterize the roentgenologic 
syndrome of idiopathic unilateral hyper- 
lucent lung. 

Many of the patients previously re- 
ported with this syndrome? have had vary- 
ing degrees of respiratory cifficultv. The 
present case history is not ore of recurrent 
pulmonary infections or of pulmonary 
symptomatology and, in fact, only one 
severe respiratory illness had occurred at 
the time of her original workup. 

The etiology is not definitely known, 
but if the vascular abnormality is con- 
genital, the possibility that the bronchiec- 
tasis may be acquired is suggested in the 
present case by the rather severe bout of 
pneumonia in childhood which may have 
resulted in permanent changes on the 
hvpovascularized side. 


SUMMARY 


An additional case demonstrating classic 
roentgenographic, fluoroscopic, and bron- 
chopulmonary changes of the idiopathic 
unilateral hyperlucent lung syndrome and 
complicated by an acute pneumonia on the 
abnormal side is reported. 

Box 23, 7272 USAF Hospital 
APO 231, New York, New York 
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ROENTGENOLOGIC ASPECTS OF ASBESTOSIS* 


By M. HURWITZ, M.D., D.M.R.D. 


JOHANNESBURG, SOUTH AFRICA 


HE roentgenologic features of asbesto- 

sis have been described from time to 
time during the past few decades. How- 
ever, the literature on the subject is still 
rather scanty and often misleading. Here in 
South Africa, where the production of a 
considerable proportion of the world's as- 
bestos has been going on since approxi- 
mately 1893, we have had the opportunitv, 
particularly in more recent vears, of ex- 
amining large groups of workers from spe- 
cific areas, notably from the Kuruman and 
Lydenburg districts. A study of the evolu- 
tion of roentgen manifestations in indi- 
vidual cases, as in silicosis, has not vet been 
possible. Regular initial and periodic ex- 
aminations have been instituted only 
lately. Careful correlation with necropsy 
findings, in contrast to the work which has 
been done on gold miners' silicosis, has been 
confined to relatively few cases. Likewise, 
correlation with the results of clinical and 
physiologic investigation has been limited. 


EARLY ASBESTOSIS 


It has been suggested repeatedly that a 
negative period exists when the disease 
may be present to a significant degree clin- 
ically, without being manifest roentgeno- 
logically. Judging by the very limited bi- 
opsy and pathologic material available to 
date, there certainly appears to be some 
evidence in support of this contention. 
This obviously has a bearing on the impor- 
tant and very difficult problem of the diag- 
nosis of asbestosis in its early stage. The 
limits of the normal and abnormal are far 
more difficult to define in early asbestosis 
than in early silicosis, even when there is 
an adequate history of exposure. 

Factors such as an indifferent roentgeno- 
graphic technique, obesitv, poor film qual- 


ity, or exposure of the film during insuffi- 
cient inspiration all contribute to mislead- 
ing results. Roentgenography in multiple 
proJections of the chest and specialized 
techniques, including macroroentgenogra- 
phy, are not likely to be of much help. At 
present, a pre-employment examination 
followed by a series of periodic examina- 
tions, utilizing a standardized and compa- 
rable roentgenographic technicue, has the 
most to offer in solving the problem of mak- 
ing an early roentgenologic diagnosis of as- 
bestosis and, incidentallv, of also assessing 
the rate of progression. 

As a result of observations in many indi- 
viduals who have long records of service in 
asbestos mines and mills, it has been pos- 
sible to draw up a rough classification of the 
more definitive roentgenographic changes 
that are found. These may be divided 
broadlv into pleural changes and paren- 
chymal lung changes. Frequently a combi- 
nation of both occurs. The complications of 
asbestosis also need to be considered. 


PLEURAL CHANGES 


These by far outnumber the so-called dif- 
fuse lower zone fibrotic lung changes em- 
phasized by previous workers. The pleural 
changes may be nonspecific in the form of 
uni- or bilateral, parietal or interlobas, 
thickenings of varying extent. Obliteration 
of the costophrenic sulci as well as dia- 
phragmatic and pleuropericardial adhestons 
also occur, statistically, more frequently 
among asbestos workers than in other 
groups. 

A localized recent basal pleuritis mav be 
observed but not frank or copious pleural 
effusion. The veiling and lack of radiolu- 
cency in lung areas where pleural pathol- 
ogy exists evidently appears, in many cases, 


* From the Radiology Department, Pneumoconiosis Bureau, Johannesburg, South Africa. Presented at the Internationa! Pneumo- 


coniosis Conference held in Johannesburg, February 9-24, 1959. 


The views expressed in this paper are those of the author and aro not to be construed as reflecting the policy of the Pneumoconiosis 
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to be due mainly to pleural fibrosis, rather 
than to underlying pulmonary fibrosis. As 
a result of extensive pleural thickening, the 
cardiac outline and also the outline of the 
diaphragm are unsharply defined. When 
pleuritic adhesions are present, distortion 
and irregularity of contour in the form of 
"peaking" and "tenting" are noted. On 
fluoroscopy, restricted diaphragmatic mo- 
bilitv and diminished chest movement may 
be seen. It is well to remember, however, 
that in spite of the frequency with which 
pleural thickening per se is found in asbes- 
tos workers, this is also a fairly common 
isolated finding in the course of ordinary 
roentgenologic studies. Therefore, it would 
be highly presumptive to accept such evi- 
dence alone as being diagnostic of asbesto- 
sis, even in cases where a satisfactory occu- 
pational history is present. 

However, a more specific pleural pathol- 
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ogy has recently come to light in the form 
of added calcification and the deposition of 
typical pneumoconiotic plaques (Fig. 1, 
.4 and B). This has been noted as a regu- 
larly recurring feature in old asbestos 
workers with varying periods of service. 
Calcifie plaque formation may be minimal 
or extensive, linear or occurring in irregular 
patches; it is usually bilateral and more or 
less symmetric. The plaques are often dis- 
tributed along the parietal pleura, particu- 
larly in the middle and lower zones, but it 
is worth noting that extensive areas of cal- 
cification mav be found along the anterior 
aspect and also that both the diaphrag- 
matic and mediastinal pleura are com- 
monly involved. The asbestotic plaques 
are different in appearance and in char- 
acter from silicotic plaques, which, though 
not common, are usually seen in the upper 
zones, peripherally. It may also be empha- 





Fic. 1. C4) Extensive pleural plaque formation over both lung fields. Right paramediastinal and bilateral 
diaphragmatic plaques are also seen. (B) Lateral roentgenogram shows the plaques disposed along the 
anterior aspect of the chest and adjacent to the diaphragmatic surface. 


‘hite iner. aged fifty. wi Stree “pore serpyTee ac si $ E E T 1 d * 
Š W hite miner, aged fifty ‚ with fifteen years’ service as an asbestos miner in the Kuruman district, Northern Cape 
rovince. Complained of slight dyspnea on exertion of several years’ duration and pain over the right base. A cholecyst- 
ectomy was performed in 1947, but no other previous major illness was present. Examination showed a well built in- 
iii , ae aes 484 aa Ese a E i Èi é Bs - " 
E ae height 6/2", weight 198 pounds. The chest expansion was two and one half inches. There was no finger clubbing. 
arsh breath sounds were heard. The heart was normal; blood pressure was 120/80; the electrocardiogram was normal, 
A Masters Effor: Tolerance Test showed definite mild disability. 
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sized that in pure asbestosis, in contradis- 
tinction to silicosis, associated “egg shell” 
lymph node calcification is singularly ab- 
sent. Evidently the lymphatic drainage ap- 
paratus of the lung is not implicated to the 
same extent in asbestosis as it is in the 
silicotic process following the retention of 
dust in the lungs. 

When massive plaque formation is pres- 
ent, a rather characteristic bizarre pattern 
is produced. This is obviously different in 
appearance from extensive pleural calcifi- 
cation due to other causes, such as tubercu- 
losis, chronic empyema and old trauma. 
According to recent publications, this par- 
ticular pattern appears to be common to, 
and is diagnostic of, a group of pneumo- 
conioses resulting from exposure to certain 
silicate dusts. 

Smith? in 1952 reported a high incidence 
of similar calcium deposition in the pleura 
in a number of occupational groups ex- 
posed to various dusts, such as tremolite 
tale (6.3 per cent of cases); calcimine (1.7 
per cent); mica (1.6 per cent); dust pro- 
duced in the manufacture of bakelite in- 
sulators (1.5 per cent); and asbestos (no 
case). Calcium depositions were found in 
35 of 8,779 subjects examined. It is note- 
worthy that Smith was unable to demon- 
strate pleural calcifications resulting from 
asbestos dust in the group of 261 asbestos 
workers. Gloyne? in 1938, in his classic de- 
scription of the pathology of asbestosis, 
did mention the occurrence of “stiff, horn- 
like plaques.” However, the first reference 
in the literature to asbestotic plaques dem- 
onstrated roentgenographically was made 
only as recently as 1955, in 1 case reported 
by Jacob and Bohlig. In 1956, Frost, Georg 
and Møller? of Denmark reported 11 such 
cases from a group of 31 insulation workers 
exposed for many years to mixed dust con- 
taining asbestos. 

Our own experience has been that, since 
the registration of asbestos mines in 1953 
under the 1946 Mines Act, we have seen 
numerous such cases, more expecially as 
the result of the very large surveys which 
have been conducted from January, 1954 to 
date. After constant work with silicotic 
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beneficiaries among gold miners, the sudden 
presentation of significant numbers of old 
asbestos workers showing this new pattern 
of calcific plaque formation has been most 
striking (Fig. 2). Since then we have con- 
tinued to be impressed bv the fact that we 
seldom fail to find several such cases in 
every large group of roentgenograms sub- 
mitted from the asbestos areas. Conversely, 
not a single case showing these typical 
plaques was ever found among all the 
roentgenograms of gold miners, and of the 
large groups mining coal, copper, iron, 
chrome and manganese. 


LUNG CHANGES 
These may be of four types: 

1. As pointed out, diffuse interstitial 
fibrosis occurs commonly in combination 
with the pleural changes which have al- 
ready been described (Fig. 3). The diffuse 
tvpe of fibrosis found in asbestosis should 





Fic. 2. Selerotic pleurisy with extensive mediastinal, 
paracardiac and diaphragmatic pleural plaques. 


Colored worker, aged fifty-one, with a twenty-nine vear 
(1925-1954) history of underground asbestos mining in 
Northern Cape Province. He had also worked in diamond 
diggings in Northern Cape Province for four years (1g21~ 
1925). Examination revealed a tall, poorly nourished, 
weak individual, height z't1", weight 135 pounds, with 
flatrened chest which had an expansion of one inch. The 
breath sounds were harsh and there were some marginal 
crepitations. The heart showed no appreciable disease; 
the blood pressure was 140/80. The individual was con- 
sidered to be fit for light work only. 
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be differentiated etiologically from pulmo- 
nary collagenosis such as occurs in rare 
cases of silicosis, in scleroderma, rheuma- 
toid arthritis, bilharziasis, in the general 
group known as “honeycomb Jung,” and in 
the so-called Hamman-Rich syndrome. 
Pleural thickening, which ts so frequently 
seen in asbestosis, is not a constant accom- 


panving feacure in any of these other 
Saen diseases. 
Less frequently, there are lung 


de alone, presenting the classic pat- 
tern of siniple uncomplicated diffuse pul- 
monary fibrosis (Fig. 4). This may vary in 
degree. There may be merely a homogene- 
ous clouding and haze over the lung fields, 
particul: ly over the lower zones, produc- 
ing a ground glass appearance. When verv 
mild this can present great difficulty in 
diagnosis, especially when technical qual- 
ity is questionable and when no previous 
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Fic. 3. Slight bilateral pulmonary fibrotic changes 
with dense compact pneumonic area of fibrosis in 
left upper lobe. The pleural thickening is particu- 
larly well marked on the right side and bilateral 
calcific pleura! plaques are demonstrated. 


Colored asbestos miner, aged forty-four, with a record 
of twenty-eight years’ service (from 1926 on) in Cape 
Blue Mines. Clinically he had no complaints and appar- 
ently was a healthy individual of medium build, height 
STU, weight £43 pounds. The chest expansion was one 
and one half inches. Reduced resonance and distant 
breath sounds were noted on the right side, especially at 
the right lung base, with occasional crepitations. The 
heart was clinically normal; the blood pressure was 
130/90. He was assessed fit for ordinary work. 
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Vic. 4. Parenchymal pulmonary asbestosis with dif- 
fuse pulmonary fibrosis, which is more marked in 
the lower lung areas. 


European, aged sixty, worked for many years in an 
asbestos mine in the Lydenburg district, Transvaal, both 
underground and on the surface in the mill. Clinically 
diagnosed as bronchitis with emphysema (and early cor 
pulmonale?). 


roentgenograms are available for com- 
parison. À more definite stage is one which 
shows a fine striated, fibrillar change in the 
lung structure, causing progressive reduc- 
tion of pulmonary radioluceney with blur- 
ring and masking of the vascular lung 
markings (Fig. ṣẹ). Eventually, an ad- 
vanced stage of diffuse lung induration is 
reached with very marked pulmonary 
hypoventilation which gives an unmis- 
takable picture (Fig. 6). 

3. Some cases present with localized 
areas of homogeneous, compact, pneumonic 
consolidation and fibrosis. These areas mav 
occur in any part of the lung. They do not 
appear to be disposed in a regular lobar or 
segmental pattern as in the pneumonias; 
nor are there any accompanying infiltrative 
changes such as one sees in pulmonary 
tuberculosis. The pneumonic areas may be 
multiple and occasionally only one lung is 
involved. Associated pleural thickening is 
usually seen. The precise nature of these 
pneumonic changes is not evident and still 
requires further investigation. Moreover, 
these lung changes do not in any way re- 
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Fic. s. Pulmonary asbestosis with diffuse lung fibro. 
sis, particularly well marked in the middle and 
low er zones. The right cardiac border and the right 
dome cf the diaphragm are unsharply defined. 


Colored miner, with a history of twenty-six vears of as 
bestos min ng in Cape Blue Mines. He worked under- 
ground from 1906 on, is now a debilitated pensioner aged 
seventy-seven, and complains of bouts of coughing and 
dyspnea. Examination showed a flat chest with poor air 
entry and expansion of one half inch, with crepitations at 
the lung bases. 


semble the progressive massive fibrosis 
which occurs in complicated silicosis and in 
coal workers’ pneumoconiosis. 

4. Due presumablv to associated silica 
exposure, a well-marked nodular lung pat- 
tern Is occasionally encountered in as- 
bestos workers (Fig. 7). The picture mav 
be indistinguishable from silicosis. On the 
other hand, a number of cases show stig- 
mata of pa asbestosis and silicosis in the 
form of generalized fibrosis accompanied 
by ode formation. It is significant that 
among this group there were also several 
cases which exhibited fairly extensive 
lymph node calcification such as one sees 
among old silicotics. Thus far, we have ob- 
served these features which are indicative 
of silicosis only among workers from the 


Cape Blue area, where a high percentage of 


silica and iron has been reported in the 
mined asbestos. 
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COMPLICATIONS 


The frequency of the various intratho- 
racic complications, which are encountered 
in some of the pneumoconioses, has not 
yet been accurately assessed in asbestosis. 
Pulmonary tuberculous lesions evidently 
occur as frequently ' among asbestos work- 
ers of all races as in the gold miners, A 
variety of forms of pulmonary tuberculosis 
has been observed, including extensive and 
frankly active lesions with cavity forma- 
tion and even with disseminated miliary i in- 
filtration. While lung cancer has so far been 
extremely rare in our series, pleural malig- 
nancy in the form of mesothelioma has been 





Fic. 6. 


Advanced asbestosis with intense fibrosis 
throughout both lung fields. An element of nod. 
ular fibrosis is also evident, presumably due to as- 
sociated silica exposure. The heart shadow is en. 
larged. 


Colored miner, aged fifty-four, worked from 1916 to 1924 
in Cape Blue Mines, Prieska district. Of these thirty-eight 
years of mining, twenty-seven years were spent under- 
ground. (He holds a blasting certificate issued in 1920 and 
valid for asbestos mining in Cape Province only.) Symp- 
toms of cough and shortness of breath were present for 
the past ten years. Examination showed poor physique, 
height &'6 1/2", weight 135 pounds, obviously dyspneic 
with crepitations all over the chest but mostly at the 
bases. Repeated sputum tests were negative for tuber- 
culosis. He was considered fit for very light work only. 
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Fic. 7. Widespread nodulation in the lung fields, in- 
distinguishable from classic silicosis. Note small 
bilateral diaphragmatic pleural plaques. 


This patient had a history of many vears! service as an 
asbestos miner in the Griqualand West district, Cape 
Province. 


relatively frequent in individuals exposed 
to asbestos dust (Fig. 8). 


SUMMARY 


1. The roentgenologic features of asbes- 
tosis as seen among asbestos workers in 
South Africa are described and discussed. 

2. Emphasis is placed on the pleural 
changes, which are found more frequently 
than the classic diffuse pulmonary fibrosis. 
Pleural involvement also occurs frequently 
in association with lung fibrosis. 

3. A characteristic pattern of sclerotic 
pleurisy presenting in the form of calcific 
pleural plaques is described. Although this 
pattern may be seen in a number of pneu- 
moconioses resulting from exposure to cer- 
tain silicate dusts, its incidence in asbes- 
tosis has hitherto received scant attention 
in previous publications. 

4. The complications of asbestosis are 
briefly referred to, including pleural meso- 
thelioma, which appears to be relatively 
common among asbestos workers in the 
northern Cape Province of South Africa. 
P.O. Box 1756 
Johannesburg 
South Africa 
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Fic. 8. Pleural mesothelioma, with induced right- 
sided pneumothorax. Diffuse pleural thickening 
and numerous rounded, nodular tumor masses on 
the parietal pleura and also on the visceral pleura 
overlying the collapsed right lung are demon- 
strated. Only secondary pulmonary hyperemia is 
evident in the left lung with no rrank signs of pul- 
monary asbestosis. 

This patient had a previous history of exposure to as- 
bestos dust in the Kuruman district, Northern Cape 
Province. 
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of the Union of South Africa, for permission to 
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partment, Hospital of the University of Penn- 
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couragement and advice; and Mr. R. Goldberg 
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DIATOMITE PNEUMOCONIOSIS: ROENTGEN 
CHARACTERISTICS AND CLASSIFICATION 


By WALDO R. OECHSLI, M.D.,* GEORGE 
and ARMAND E. 


JACOBSON, M.D.,- 
BRODEUR, M.D.t 


LOS ANGELES, CALIFORNIA 


HE. purpose of this report is to de- 
scribe certain roen tgenographic aspects 
of pneumoconiosis seen in diatomite 
workers and to propose a roentgenographic 
classification of these changes. It is based 


on a review of the chest roentgenograms of 


869 workers in five plants who participated 
in the survey conducted bv the United 
States Public Health Service in 1953 in 
cooperation with the California, Nevada 
and Oregon State Departments of Health. 


A comprehensive and detailed report of 


this study is found in United States Public 
Health Service Publication 601, 1958? en- 
titled “Pneumoconiosis in Diatom Min- 
ing and Processing.” 

Detailed environmental studies were 
made to determine the extent and nature 
of the dust exposure. The medical studies 
of the employees in the five participating 
plants included occupational and medical 
histories, physical examination, roentgeno- 


grams of the chest, electrocardiograms, 
hematologic and urinary examinations, 
intradermal skin tests with tuberculin, 


histoplasmin and coccidioidin and pulmo- 
nary function tests. When indicated, bac- 
teriologic studies for tuberculosis were per- 


formed. The follow-up studies included 
biennial chest roentgenograms on the 
workers in the plants and those with over 


two vears of employment who had left the 
industry. 

Diatomite pneumoconiosis is a relatively 
uncommon pulmonary condition resulting 
from protracted inhalation of certain forms 
of diatomaceous earth. Although diato- 
maceous earth has been known and used 
for approximately 2,000 vears, its disease- 
producing propensities were first reported 


in the medical literature by Legge and 
Rosencrantz’ in 1932. However, it was not 
until 1946 that it was ackrowledged that 
exposure to certain forms o^ diatomaceous 
earth dust could result in à disabling and 
sometimes fatal disease! 

Diatomaceous earth—a light, porous 
substances of white, vellewish or grav 
4s the fossilized skeletal remains of 
microscopic, aquatic, single-cell plants 
(algae). It is synonymous with diatomite, 
Kieselguhr, tripolite, infusorzal earth, fossil 
flour and fossil silicon. In ics crude state 
diatomite contains about 85 per cent 
amorphous silicon dioxide br weight. 

The industrial mining of this substance 
dates back to 1860 in Europe (Hanover, 
Germany, and North Ireland) and it has 
been mined for approximate.y sixty years 
on the North American cortinent. Cali- 
fornia, Nevada, Oregon and Washington 
contain nearly all the commercially ex- 
ploited deposits in the United States. There 
are about 1,000 employees engaged in diat- 
omite mining and milling industries in 
these western states of whom «bout 800 are 
in California. 

The diatomite-producing industry in the 
United States is a relatively sm all one. Five 
plants emploving approximately 1,000 per- 
sons produce practically all cf the diato- 
mite in this country. However, the produc- 
tion of diatomite by no mears represents 
the only method of exposure to this mate- 
rial. It is shipped in great quaatities to all 
parts of the world and is used in a very 
wide varietv of technologic processes. It 
plays an important part in the zugar indus- 
try, in the filtration of unfermented fruit 
juices, syrups, wine, beer, dry cleaning 


color- 


* Bureau of Tuberculosis Control, California State Department of Public Health. 
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YEARS OF EXPOSURE 


Fic. 1. Interpretations of chest roentgenograms 
according to type and duration of exposure. 


solvents, water for drinking purposes, 
swimming pools, etc. It is used as a filler 
in paints, varnishes and lacquers in addi- 
tion to the manufacture of special tvpes of 
paper. It aids in the manufacture of insec- 
ticides, metal, glass and automobile 
polishes, detergents, plastics, concrete, 
matches and many other products. Its low 
heat-conducting properties lead to wide- 
spread use in insulation for boilers, stills, 
furnaces, kilns, and petroleum-cracking 
furnaces. In the chemical field it finds use 
as a catalyst. 

Multiple processing techniques, including 
drving diatomite at temperatures ranging 
from 300°F. to 800°F., convert the crude 
diatomaceous earth to the "natural" pow- 
der. In addition to "natural" diatomite, 
two other forms are manufactured-—cal- 
cined and flux-calcined. Straight calcining 
is done in a rotary kiln at temperatures 
ranging from 1,600 to 2,000°F. In low- 
temperature calcining little, if any, of the 
amorphous silica is converted to cristo- 
balite, a crystalline form of silica; but as 
much as 20 to 30 per cent may be con- 
verted in high-temperature calcining. Flux- 
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calcining consists of mixing the purified 
"crude" with a flux, usually sodium carbo- 
nate, and passing this mixture through a 
rotary kiln at 2,000? F. Approximately 40 
to 60 per cent of the amorphous silica may 
be converted to cristobalite during this 
process along with the production of about 
| per cent tridvmite, another form of crys- 
talline silica. 

The environmental studies of the survev 
showed that the median size of the air- 
borne dust particles varied from 1.0 u for 
straight calcined diatomite, 1.1 u for flux- 
calcined material up to 2.5 u for the crude 
diatomite. Median atmospheric dust con- 
centrations in major operating areas ranged 
from 1 to 66 million particles per cubic foot 
of air (MPPCF), as determined. by stand- 
ard light field techniques. Five MPPCF 
of the cristobalite-containing product and 
20 MPPCF of the crude or natural product 
have been suggested as the maximal con- 
centration to which workers should be ex- 
posed. Table 1 shows the percentage of 
cristobalite in the various diatomite ma- 
terials. 

Pathologic studies of diatomite pneumo- 
coniosis have been reported by Nordmann‘ 
in 1943, Vorwald and co-workers" in 1949, 
Carnes*in 1954 and Caldwell? in 1558. These 
investigators concluded that protracted in- 
halation of diatomaceous earth produces 
chronic pulmonary disease in man. They 
are in agreement that the histopathologic 
changes in lung and lymph node differ in 
many respects from those produced by 
quartz. 


Tase T 
WEIGHT PERCENTAGE OF CRISTOBALITE IN PARENT 
MATERIAL, SETTLED DUST, AND AIRBORNE 
DUST, ACCORDING TO PRODUCT 
(s Plants Combined) 








Parent | Settled | Airborne 








Jer o i x i 

Product | Material Dust Dust 
Natural omt Less than 1 Less than 5 
Straight-calcined; 15-21 27-52. |. 15722 
Flux-calcined | 49-61 | 32 
All types (mixed), | — | 16 
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The pathologic findings in 27 workers 
studied by Carnes? indicated that these 
cases fell into two groups corresponding to 
the simple and confluent forms. In simple 
pneumoconiosis the histopathologic changes 
consisted of “accumulation of dust cells in 
the alveoli, in the interstitial tissue of the 
lung, including the alveolar walls, and in 
the hilar lymph nodes with either no fibro- 
sis or in the long-standing cases a very 
delicate reticular fibrosis." Conspicuous by 
their absence were “the cardinal features 
of typical silicosis; namely, the focal, dis- 
crete hyalin nodules and the whorled pat- 
tern of collagenous fibers.” 

In those individuals with the confluent 
form, there was “in addition to the fore- 
going changes more or less massive conflu- 


ence of the lesion in the upper one-third of 


the lungs, with necrosis and marked fibro- 
sis." In at least 4 of the 6 cases of the latter 
type, the patient's demise was attributed 
to the pneumoconiosis. Carnes drew no 
conclusions as to the role, if anv, of infec- 
tion in the production of these coalescent 
lesions. Varying degrees of focal emphy- 
sema were associated with the diatomite 
lesion, the lesion proper having a stellate 
appearance and the "focal emphysema as- 
sociated with the focal dust reaction recalls 
the lesions in the lungs of the Welsh coal 





Fic. 2. LN». Fine nodular and linear deposits in both 
lungs above the level of the third rib anteriorly. 
Changes such as this may easily be mistaken for 
tuberculosis. 
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Vic. 3. LNs. Profuse granular densities rather evenly 
distributed throughout both lungs. 


miners reported by Gough and others. 
However, none of these cases have shown 
the advanced degree of focal emphysema 
described in the coal miners.” 

Caldwell? concluded that diatomite pneu- 
moconiosis in tuberculin negative indi- 
viduals follows a different pathologic and 
roentgenographic pattern from that in 
tuberculin positive individuals. However, it 
should be noted that the number of cases 
reviewed in each group was small and of 
doubtful statistical significance. 


ROENTGENOGRAPHIC STUDY 


Stereoscopic 14X 17 inch chest roentgen- 
ograms of 869 employees (94 per cent of 
the total number of emplovees in the five 
plants) were obtained. Roentgenograms of 
unacceptable quality were eliminated. The 
chest roentgenograms were inspected ini- 
tially by the physician members of the field 
team for quality control and for detection 
of abnormalities requiring the immediate 
notification of the emplovee's private phy- 
sician. 

Prior to the interpretation. of these 
roentgenograms, the authors reviewed a 
number of proved cases of diatomite pneu- 
moconiosis and compared the pathologic 
and roentgenologic changes. It was agreed 
that the roentgenologic changes fell into 
two major categories. One consisted of fine 
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Fic. 4. LNs. Combined linear and small nodular 
deposits diffusely scattered throughout both lungs. 


linear and/or minute nodular shadows and 
the other consisted of similar shadows 
accompanied by larger confluent opacities. 

A tentative classification was adopted. 
This was based upon certain features of the 
classifications proposed by United States 
Public Health Service in 1935,^ Pneumo- 
coniosis Research Unit in 1948,’ Interna- 
tional Labor Organization in 1950," and 
Smart and Anderson in 19§2.'° Utilizing the 
technique suggested by Yerushalmy and 
co-workers" to test the applicability of this 
proposed classification, the 869 pairs of 
roentgenograms were interpreted independ- 
ently by each of the radiologists without 
benefit of any clinical information. Subse- 
quently, in conference, the radiology panel 
reviewed: (1) all cases in which a difference 
of classification was recorded by anv of the 
interpreters, and (2) approximately 100 
chest roentgenograms which had been in- 
terpreted as “normal” bv all of the observ- 
ers. The initial interpretations of the 
above cases were not known to anv of the 
panel during the review conference. If 
unanimity of interpretation was not agreed 
upon, each dissent was recorded. Two sub- 
sequent roentgenographic interpretations 
and review conferences were conducted in 
a like manner at several month intervals. 

In the initial classification of the roent- 
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genograms, an attempt was made to differ- 
entially quantitate both the abnormal 
linear or reticular deposits and the nodular 
opacities in an area of pulmonary involve- 
ment. From the comparisons of the several 
successive interpretations, it became appar- 
ent that the differentiation of the two is 
often impossible and that the changes are 
usually coexistent. In the final classifica- 
tion, therefore, linear and nodular manifes- 
tations were combined into one category. 
It may be argued that this arbitrary single 
category of "linear-nodular" is an over- 
simplification. However, statistical analy- 
ses revealed great intraobserver and inter- 
observer error in interpretations in which 
linear and nodular changes were classified 
separately. The formulation of a classifica- 
tion for the coalescent states of the disease 
presented somewhat less of a problem. 

It was also found necessary to include 
categories to indicate the questionable ex- 
istence of both linear-nodular and confluent 
changes. Some of the linear-nodular shad- 
ows were particularly difficult to interpret. 
The roentgenographic pattern and the 
densitv of these shadows are such that in 
some individuals, particularly the obese, it 
was difficult, if not impossible, to decide 
whether the chest roentgenogram was 
"normal" or showed fine but widespread 





Fic. s. LN; Co. Scattered linear and nodular deposits 
in the upper halves of both lungs with a small 
confluent lesion in the right first anterior inter- 
space. 
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simple pneumoconiosis. Another source of 
error was the differentiation between early 
confluent change of diatomite pneumoconi- 
osis and tuberculosis. These problems can- 
not be overemphasized, and point to the 
great need for consistently high quality 
roentgenograms, experienced radiologists 
and multiple interpretations. 


CLASSTFICATION 


The classification was based upon the 
total area of pulmonary involvement bv 
linear-nodular densities and/or conglomer- 
ate fibrosis. After careful consideration it 
was decided not to classify either nodule 
size or concentration. 

The letters "LN" were used to denote 
linear and/or nodular changes since con- 
sistent differentiation between these 
changes in the simple phase of the disease 
could not be accomplished. The letter “C” 
was used to indicate conglomerate or 
coalescent fibrosis. The complete proposed 
classification follows. 

LN, The pulmonarv structure pattern is 





Fic. 6. LNs Cs. Numerous nodular and linear den- 
sities throughout most of both lungs with early 
confluence in both upper lobes. 
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Fic. 7. EN; Ca Profuse linear changes as well as 
scattered nodules in both lungs with a large con- 
fluent mass adjacent to the right superior medias- 
tinum, early confluence of the left upper lobe, 
emphysema at the left base and marked hilar dis- 
tortion. 


suggestive of linear-nodular changes be- 
yond what is considered normal or average 
for the given age. 

LN, Definite abnormal Lnear-nodular 
changes extending over an area equivalent 
to one lung field or less. 

LN; Definite abnormal linear-nodular 
changes extending over an area equivalent 
to more than one lung field. 

C, Suggestive confluent opacities, super- 
imposed on definite linear-nodular changes. 

C; Definite confluent opacities, super- 
imposed on definite linear-nedular densi- 
ties, extending over a total area less than 
the equivalent of three anterior rib inter- 
spaces. 

C; Definite confluent opacties extending 
over a total area, the equivalent of three 
or more anterior rib interspaces but not 
greater than the equivalent of one hemi- 
thorax. A minor degree of mediastinal and 
hilar distortion may be present. 

C, Massive confluent opacities over an 
area greater than the equivalent of one 
hemithorax, or with gross distcrtion of the 
hilt, heart, trachea or diaphragm. 
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ROENTGENOGRAPHIC CHARACTERISTICS 


Diatomite pneumoconiosis is character- 
ized roentgenographically by fine linear 
and/or minute nodular shadows, either or 
both of which may be accompanied by con- 
glomerate fibrosis. The earliest stage of the 
uncomplicated form of the disease is more 
frequently visible in the superior halves of 
both lung fields below the levels of the 
clavicles. Most commonly, both linear and 
nodular shadows are seen in the same in- 
volved area. Early the linear changes are 
virtually indistinguishable from so-called 
increased bronchovascular markings. The 
nodules in diatomite pneumoconiosis tend 
to remain small, only occasionally becom- 
ing more than 1-2 mm. in diameter. The 
simple phase of the disease progresses pre- 
dominantly by an increase in the apparent 
number rather than the size of the nodules, 
often producing a fine sandpaper appear- 
ance. The nodules are of low contrast with 
respect to the surrounding tissue which 
accounts for the difficulty in demonstrating 
these shadows roentgenographically early 
in the disease. They rarely attain the den- 
sity or size of the nodules often seen in 
quartz silicosis. 

Noteworthy, by their absence, are the 
calcifications frequently seen in the nodules 
and the hilar “egg shell” calcifications of 
quartz silicosis. It is also of considerable 
interest that in none of this group was there 
demonstrable mediastinal or hilar lymph- 
adenopathy. 

In the early confluent stage of diatomite 
pneumoconiosis, the linear and nodular 
changes in both upper lung fields become 
more apparent due to (1) minimal enlarge- 
ment of the densities, and (2) contraction 
and approximation of these densities to 
each other. These “infiltrations,” early, 
present indistinct margins and are non- 
homogeneous. As the process progresses, 
with or without continued dust exposure, 
the ill-defined coalescent lesions gradually 
enlarge into more circumscribed and homo- 
geneous densities. The coalescent lesions 
predominate in the upper lobes or apices of 
the lower lobes of both lungs. There is no 
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predilection for either lung. No calcifica- 
tions were seen in the coalescent areas in 
any of our cases. 

It is also of interest that lobar atelectasis 
can simulate the coalescent lesion. In one 
of the cases studied at autopsy by Carnes,’ 
the so-called coalescent lesions in both up- 
per lung fields were in fact completely 
atelectatic upper lobes of both lungs with 
complete stenosis of both major upper lobe 
bronchi. 

As contraction of the lesions occurs, there 
is frequently a pseudo-clearing of the lower 
lung fields due primarily to compensatory 
emphysema rather than to true clearing of 
the disease process. Although pulmonary 
cavitation was not seen in the workers 
participating in this survey, several of the 
cases reviewed by Carnes showed both 
necrosis and cavitation with and without 
coexistent tuberculosis. 

Enlargement of the coalescent masses 1s 
usually accompanied by mediastinal, hilar 
and diaphragmatic distortion and progres- 
sive emphysema. Pulmonary and medias- 
tinal distortion may occur in the presence 
of relatively small areas of confluence. 
Carnes' cases revealed spontaneous pneu- 
mothorax and cor pulmonale as relatively 
frequent complications in the terminal 
phases of the disease. No instances of spon- 
taneous pneumothorax were encountered in 
this study. 


RESULTS OF ROENTGENOGRAPHIC 
INTERPRETATIONS 


Of the 869 employees studied in the 
1953-1954 survey (Table x1), 78 workers or 
9.0 per cent had doubtful evidence of pneu- 
moconiosis. Another group of 78 individuals 
or 9.0 per cent had definite roentgeno- 
graphic evidence of diatomite pneumoconi- 
osis, and 32 of these (41 per cent? had con- 
fluent disease. Of the entire group of em- 
ployees, 84 had incomplete medical his- 
tories and physical examinations. The per- 
centages of positive roentgenograms was 
not altered significantly by the deletion of 
these individuals from the statistical anal- 
ysis. Another group of 47 employees was 
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ROENTGENOGRAPHIC INCIDENCE OF PNEUMOCONIOSIS IN DIATOMITE WORKERS BY STUL 





Y GROUP 








Interpretation of Chest All Workers 


i 
| 
| 
Roentgenograms | 





Study Group 


Workers with History 


Workers with of No Dust Exposure 





in Study | Complete Examination | Prior to Entering 
| Diatomite Industry 
No. | Per Cent No. Per Cent No. | Per Cent 
Normal O | 713 | 642 j 81.8 l 612 | 83.0 
Doubtful LN, 78 69 8.R | 58 | 7.9 
Definite: | 78 | 74 | 68 | g.i 
Simple LN, LN; | | | 3.2 
Simple LN», Ci, LNs, C, | 2.1 
Confluent Cs, Cs, C; 3.8 


Total 





| 869 


also excluded from analysis since their oc- 
cupational histories indicated that prior 
employment had involved exposure to 
other dusts for a period in excess of one 
vear. Although the abnormal roentgeno- 
grams of these individuals with prior dust 
exposures were not characteristic of other 
pneumoconioses, exclusion from the statis- 
tical analvsis appeared to be indicated. 
Again, no significant difference in the per- 
centage of positive roentgenograms resulted 
from this deletion. 

The work assignments of each employee 
were categorized as quarry, mill, or office 
and maintenance. Each individual’s total 
employment was described in terms of the 
approximate number of years in each type 
of activity. Figure t presents the distribu- 
tion and correlation of the interpretation 
of the chest roentgenograms relative to the 
vears of employment in each activitv. All 
workers with other dust exposures and in- 
complete histories and physical examina- 
tions were excluded from the statistical 
analvsis. 

The major occupational hazard was in 
the mills. Of the employees with five vears 
or less of employment in this activity alone, 
only 0.4 per cent had definite simple pneu- 
moconiosis, and none had confluent dis- 
ease. However, of those who were em- 
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ploved in the mills only for more than five 
vears, 17.0 per cent had simple pneumoco- 
niosis and 23.2 per cent had confluent dis- 
ease. 

In contrast, no employee with a work 
history of five years or less in the quarry 
alone had definite evidence of pneumoconi- 
osis. However, 40 per cent of those em- 
ployed in the quarry for more than five 
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Fic. 8. LUN. Cy. Large confluent masses bilaterally 
with surrounding emphysema and distortion of 
the hili. A few linear and nodular densities are also 
present. 
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years showed doubtful changes. No cases 
of confluent disease were observed in the 
quarry workers, irrespective of the number 
of years of employment in this activity. 


TUBERCULOSIS 


The suspected relationship between pul- 
monary tuberculosis and many of the sili- 
coses suggested the need to determine 
whether there might be a similar relation- 
ship with diatomite pneumoconiosis; par- 
ticularly since there were a number of em- 
ployees who demonstrated pulmonary 
changes indistinguishable from the linear 
infiltrates commonly seen in tuberculosis. 
Correlative analyses were made among 
those employees with positive reaction to 
0.0001 mg. purified protein derivative and 
those with roentgen evidence of diatomite 
pneumoconiosis, particularly those with 
confluent disease. The total percentage of 
positive reactors was 33.7 per cent. There 
were 43.6 per cent positive reactors among 
all those showing suspicious or definite 
roentgen evidence of pneumoconiosis and 
42.9 per cent in the group with coalescent 
disease. These indeterminate results, cou- 
pled with the small sampling, indicate 
that this stady produced no statistically 
significant evidence of the relationship be- 
tween these two diseases. It is worthy of 
note that 57 per cent of the 28 cases with 
confluent pneumoconiosis had negative 
tuberculin reactions. These figures prob- 
ably do not reflect the true prevalence of 
tuberculosis since some workers who devel- 
oped active tuberculosis have been known 
to have left the industry. 


SUMMARY 


1. The roentgenographic changes of diat- 
omite pneumoconiosis are described and a 
new classification proposed. 

2. Roentgenographic examination of 869 
diatomite workers showed definite changes 
consistent with pneumoconiosis in 78 indi- 
viduals (9 per cent). Of these, 32 (41 per 
cent) had confluent disease. An additional 9 
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per cent of the employees had doubtful 
evidence of pneumoconiosis. 

3. An interrelationship between diato- 
maceous earth pneumoconiosis and tuber- 
culosis has not been established. 


George Jacobson, M.D. 
1200 North State Street 
Los Angeles 33, California 
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PULMONARY HISTIOCYTOSIS X* 
A CASE REPORT 
By EUGENE C. CRISLER, M.D., JOHN R. DURANT, M.D., and THOMAS M. PARKER, M.D. 


CHARLESTON, SOUTH CAROLINA 


LTHOUGH reports in the literature in- 

dicated a growing awareness of the 
fact that Schüller-Christian disease and 
Letterer-Siwe disease were clinical varia- 
tions of the same basic process, it remained 
tor Jatfe and Lichtenstein*in 1944 to add the 
most benign variant, eosinophilic granu- 
loma of bone, and to demonstrate a patho- 
logic relationship in all three disorders. 
Later thev proposed the term “histiocvto- 
sis X" as an appropriate designation for 
this triologv to emphasize the histiocytic 
proliferation common to all. Since that time 
numerous articles appeared dealing with 
the many variants seen clinically; and 
many etiologic hypotheses have been pro- 
posed. Among these variants is one in which 
the process involves the lungs to a greater 
or lesser extent. Some of these cases have 
had concomitant bone lesions, but others 
were distinguished by pulmonary involve- 





ment alone. Documented cases of this vari- 
ant of histiocytosis X (in which pulmonary 
biopsy was obtained) were first recorded by 
Farinacci ef alt in 1941, and since that 
vear have been reported in increasing num- 
ber. The purpose of this paper is to re- 
emphasize the place of this entity in the 
differential diagnosis of miliary pulmonary 
infiltrations by presenting ancther such 
case. 
REPORT OF A CASE 

This twenty-one vear old white male was ad- 
mitted to the United States Naval Hospital, 
Charleston, South Carolina, on August 17, 
1959 because of pain in the left knee due to 
traumatic ligamentous injury. His only other 
complaint was a nonproductive cough of one 
vear's duration. He denied other cardiorespira- 
tory symptoms as well as chills and fever. Ad- 
mission chest roentgenograms (Fig. 1, Zand B) 
revealed a widely disseminated, finely nodular 





Vic. 1. 64) Posteroanterior roentgenogram of the chest shows a widely disseminated, finely nodular infiltra- 
tion throughout both lung fields. Several small areas of confluence of the nodules are present kut no frank 
consolidation, (B) A slightly magnified view of the right middle lung field demonstrates the finely reticu- 
lated background as well as the nodular infiltration. 


* From the Departments of Radiology, Medicine, and Pathology of the United States Naval Hospital, Charleston, South Carolina. 
The opinions expressed are those of the authors and do nor necessarily represent the opinions of the United States Naval Hospital, 


Charleston, South Carolina, or the Department of the Navy. 
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infiltration of both lungs. Because of these find- 
ings he was transferred to the medical service 
for investigation. 

Physical examination revealed a young white 
male in no distress. There was evidence of in- 
stability of the left knee joint. The firm tip of 
the spleen was palpated by at least two ob- 
servers; otherwise, the examination was nega- 
tive. The past history was noncontributory. À 
chest NCC UNE taken on induction into 
the Air Force in January, 1957 was normal. 

Laboratory studies showed the white blood 
cell count, hemoglobin, hematocrit, uninalysis, 
serology, calcium, phosphorus, albumin, globu- 
lin and alkaline phosphatase to be within nor- 
mai range. À bromsulphalein test revealed 7 
per cent retention in forty-five minutes. An 
electrocardiogram was normal. Cultures of the 
sputum and bronchial washings for bacterial 
pathogens as well as fungi and acid fast bacilli 
were not significant. Purified protein derivative 
tests £1 and £2 were negative as were skin tests 
with histoplasmin, coccidioidin and blasto- 


mycin. Pulmonary function tests consisting of 


vital capacity, timed vital capacity, and maxi- 
mum breathing capacity were within normal 
limits. Blood gas studies were as follows: oxygen 
saturation at rest 84.2 per cent with an increase 
to 91.4 per cent after exercise and to 95.3 per 
cent after breathing 100 per cent oxygen for 
fifteen minutes. These results were interpreted 
to indicate a mild degree of physiologic pulmo- 
nary arteriovenous shunting and to be incom- 
patible with an alveolocapillary block. A com- 
plete bone survey was negative. Bronchoscopy 
disclosed a diffuse hyperemia of the mucosa but 
was otherwise normal. A supraclavicular lymph 
node biopsy showed only reactive hvperplasia. 

On October 5, 1959 an open pulmonary 
biopsy was performed under general anesthesia. 
The lung was described as grossly infiltrated 
with very fine 2-4 mm. nodules. The pleura was 
uninvolved by the process, and there was no 
ev:dence of cyst formation. A biopsy of the right 
lung was obtained at this time and handled 
under sterile technique. 

The specimen measured 1 em. in diameter 
and was finely nodular upon palpation. Its bi- 
sected surface showed grayish 3 mm. nodules, 
one of which was concisely outlined, although 
the others were less sharply defined (Fig. 2 
One half of the specimen was emulsified with 
sterile broth, and aliquots of the mixture were 
used to inoculate blood agar, EMB agar, 
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chocolate blood agar and thioglycollate broth. 
Slants of Sabouraud's agar and Petragnani's 
medium were also inoculated. Growth was not 
obtained on any of these media, The remaining 
half of the specimen was fixed in 10 per cent 
formalin and routine hematoxylin and eosin 
stained sections were prepared from the block. 
Examination of these sections disclosed focal 
accumulations of histiocytes and eosinophils 
(Fig. 3), typical of eosinophilic granuloma. In 
addition, there was interalveolar septal fibrosis 
with prominent epithelization of these thick- 
ened septa. In some areas the fibrosis was ex- 
tremely marked and explained some of the 
nodularity noted grossly. In other foci the 
thickened septa outlined cystic spaces which 
adjoined each other in such a way as to give the 
impression of "honey-combing" on a micro- 
scopic scale. Within the areas of active histio- 
cytic proliferation, the process appeared to in- 
volve the walls of the small blood vessels (Fig. 

The total histologic picture was one of 
histiocytosis X, demonstrating various stages 
of maturation. 

The patient was placed on meticorten, start- 
ing with 40 mg. daily in divided deses. This was 
continued for one month and then gradually 
decreased over another six weeks because the 
roentgenographic appearance remained un- 
changed and because Cushingoid changes were 
observed. The patient had no symptomatic im- 
provement when last seen in August, 1960. 


Comment. This is a rather characteristic 
case of pulmonary histiocytosis X. The pa- 
tient is a voung white male whose disease 





Fre. 2. Low power macrophotograph of entire tissue 
section. Note subpleural nodule at lower right and 
extensive fibrosis at left. Interalveo ar septal fibro- 
sis with emphysema can be seen above the sub- 
pleural nodule. (H. & E.X 18.) 
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was discovered on routine admission chest 
roentgenograms and whose symptomatol- 
ogy consists only of cough. There is no ob- 
vious explanation for the palpable spleen 
which has not been a common finding in 
other reported cases. Perhaps this indicates 
that the disease process is not limited to the 
lung. On the other hand, the failure of the 
spleen to continue to enlarge as well as the 
unchanging cough and roentgenographic 
findings suggest lack of progression of the 
process. No obvious benefit was derived 
from corticosteroid therapy, which adds 
further support to the thesis of Timmes ef 
al." that this form of treatment has little to 
offer in pulmonary histiocytosis X. 


DISCUSSION 

Pulmonary histiocytosis X mav involve 
the lungs as part of a generalized process, 
as the major manifestation of a disease oc- 
curring in several different organs or as the 
only manifestation of the disorder. Re- 
cently, Nadeau ef al.’ found in the litera. 
ture 21 cases with disease originating in the 
lungs and added 7 of their own. Not in- 
cluded in this review were the 6 cases of 
Timmes et al, the case of Mengis,? and 
one case of Pagan-Carlo and Haley.’ Thus 
the total number of reported cases with 
pulmonary involvement as the sole or ma- 





Fic, 3. Photomicrograph of subpleural nodule. Note 
the pale nuclei of the histiocytes at the upper left, 
and the dark nuclei of the eosinophils below and 
to the right. (H. & E. x 430.) 


Pulmonary Histiocytosis X 





Fic. 4. Arteriolar involvement within the lesion. 
Note the presence of eosinophils within the vessel 
wall and the apparent dissolution of the latter. 
(H. & E. X 430.) 


jor manifestation of the disease, including 
the case herein reported, is approximately 
37. It is to be expected that, zs open pul- 
monary biopsy becomes more commonly 
used, many more instances of this process 
will be uncovered. 

The disease appears to occur primarily in 
voung and middle aged adult males. Since 
most of the early reports originated from 
military and Veterans Administration hos- 
pitals, it was assumed that the preponder- 
ance of males in these series was due mainlv 
to the selected population; however, the re- 
port of Nadeau ef al.,* originating from the 
Mavo Clinic, included 6 males and only 1 
female, indicating that there may be a true 
predilection of this disorder for the male. 

Symptoms are often mild ard may not 
concern the patient, so that the diagnostic 
studies are usually undertaken because of 
an abnormal routine chest roentgenogram. 
However, most of the patients have com- 
plained of a dry or slightly productive 
cough. Dyspnea, low grade fever, weight 
loss, fatigue and mild constitutional symp- 
toms are occasionally encountered. 

Usually the physical examination is un- 
revealing and lymphadenopathy is not a 
feature. Examination of the chest is gen- 
erally normal unless pulmonary fibrosis and 
emphysema have resulted or pneumothorax 
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is present. Rarely, wheezes and rales have 
been noted. 

Laboratory studies are equally unre- 
warding. A wide variety of physical, chem- 
ical and pathologic studies have been un- 
dertaken in these patients. The white blood 
cell count and differential are usually nor- 
mal, although mild (and probably insignifi- 
cant) eosinophilia has been encountered. 
Albumin-globulin ratios are occasionally al- 
tered. Bronchoscopy is either normal or re- 
veals hyperemia of the mucosa. In general, 
cultures of sputum, blood, gastric washings, 
and bronchial secretions have been non- 
contributory, as have skin tests for tuber- 
culosis and the commun fungal diseases. 
Bone marrow, liver, and scalene lymph 
node biopsies have not helped in the diag- 
nosis. 

Pulmonary function studies have yielded 
varied results. Two of Nadeau and co- 
workers'* patients had evidence of fibrotic 
and obstructive disease, and one was nor- 
mal. Timmes ef al. performed extensive 
pulmonary function studies on all 6 of their 
patients with pulmonary involvement. 
They found a slightly reduced vital capac- 
itv in 2, minimal slowing of the timed 
vital capacity in all, and a normal maximal 
breathing capacity. The commonly used 
spirogram was thus virtually normal in all 
their cases as it was in the case of Mengis.* 
On the other hand, residual volumes and 
the residual volume to total lung capacity 
ratio were elevated in all their patients, 
and the compliance was reduced in 4, indi- 
cating overdistention of the lungs. Blood 
gas studies were normal or nearly so in all 
of their cases. 

'Two distinct roentgenographic patterns 
have been described: (1) a generalized, dis- 
seminated, nodular, granulomatous infil- 
tration of both lungs and (2) a reticulated 
background of diffuse interstitial fibrosis. 
The case herein recorded was no excep- 
tion. The admission chest roentgenogram 
showed a very fine, diffuse nodularity dis- 
seminated through both lungs. Also found 
were a notable absence of hilar lymph- 
adenopathy, consolidative parenchymal in- 
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filtration, and pleuritic reaction. This ap- 
pearance remained unaltered during the ten 
month follow-up. 

With more than eighty lesions producing 
a disseminated miliary appearance in the 
lungs, it seems unlikely that the radiologist 
would be successful in offering a specific 
diagnosis when confronted with the roent- 
genographic picture of eosinophilic granu- 
loma of the lung. However, absence of con- 
solidative infiltrations, acute pleuritic reac- 
tions, and cavitarv disease correlated with 
the clinical picture of a healthy patient 
tends to eliminate most of the acute bac- 
terial and mvcotic processes. Careful ex- 
amination of the chest roentgenogram 
shows the infiltration to be as closelv dis- 
persed in the apical regions as in the bases, 
if allowance is made for the increased pul- 
monary volume at this location. This tends 
to eliminate most, if not all, of the pneu- 
moconioses, since they generally appear 
most prominent in the basilar regions of the 
lungs, which receive the greatest aeration. 
The absence of hilar lymphadenopathy, 
obvious lymphangitic and perivascular 
reaction further narrow the probabilities, 
tending to eliminate sarcoidosis, other 
granulomatous infiltrates, various malig- 
nant processes, and collagen diseases. 

In the experience of others, a “honev- 
comb” pattern has been frequently seen. In 
the opinion of at least one author, the as- 
sociation of this “honey-comb” pattern 
with spontaneous pneumothorax should 
suggest this disease. Although such a comt 
bination was not present in our case, this 
diagnostic feature is worthy of note. 

In the final analysis, the precise diag- 
nosis rests upon thoracotomy with pul- 
monary biopsy. The histopathologic ap- 
pearance is distinctive and diagnostic; it 
has been reviewed by Auld? in a report of 
5 personally studied cases as well as those 
previously reported in the literature. In 
general, it includes focal accumulations of 
histiocytes and eosinophils, areas of fibro- 
sis, and cystic formations. Auld draws at- 
tention to vascular changes present in 
these nodules; he noted fibrinoid degenera- 
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tion of the arteriolar walls with actual inva- 
sion of the vascular structures by histio- 
cytes and eosinophils. He further noted the 
presence of emphysematous changes in the 
pulmonary parenchyma distant from the 
involved areas. It is generally believed that 
the active stage of the process is character- 
ized by the cellular histiocytic nodule, and 
that maturation of the nodule results in, at 
first, interstitial fibrosis, and later a more 
generalized fibrosis. By-products of this 
fibrotic change include cyst formation 
which may be of such degree as to merit 
the term “honev-combing.” 

The etiology of this disorder is unknown. 
Although many hypotheses have been ad- 
vanced, none of them have been supported 
by realistic confirmatory evidence. A recent 
approach to the problem is from the stand- 
point of hypersensitivity. Auld? cites the 
presence of arteriolitis and fibrinoid degen- 
eration within the involved areas as evi- 
dence of an allergic mechanism basic to the 
disease. He compares the process, then, 
with periarteritis nodosa and Lóffler's syn 
drome, considering all three conditions to 
share a basic etiology in hypersensitivity. 
Despite this promising clue, a great deal re- 
mains to be learned of the underlying stim- 
uli of this disorder. 

The prognosis is uncertain, although in 
many cases it appears to be good. Three 
serious complications are encountered. Be- 
cause of the cyst formation which may oc- 
cur, pneumothorax occasionally results 
ahd may be recurrent or even bilateral. 
Diabetes insipidus may appear subsequent 
to the discovery of the chest lesion. Finally, 
pulmonary fibrosis and emphysema with 
chronic cor pulmonale may eventuate. On 
the other hand, spontaneous remission is 
frequently encountered, as is lack of pro- 
gression of signs and symptoms. Occa- 
sionally, the disease may run a fulminating 
course with death resulting in a short time. 

There is no agreement as to treatment. In 
the past radiation therapy was utilized be- 
cause of the response of the bony form of 
the disease to this form of treatment. It ap- 
pears to be largely abandoned because of 
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the lack of responsiveness and the consider- 
ation that since fibrosis mav be the result 
of the granulomatous process it does not 
appear logical to apply a form of treatment 
which in itself mav induce fibrosis. Adrenal 
cortical steroids are the most common cur- 
rent agents in use. Nadeau e£ a? found 11 
cases treated with steroids and state that 
most were improved, although onlv 2 com- 
pletely cleared. Five of their 7 patients 
were given steroids. Three developed roent- 
genographic evidence of clearing, one was 
followed for only six weeks with improve- 
ment in pulmonary function, and one im. 
proved although follow-up roentgenograms 
were not available. Mengis'? patient noted 
improvement in symptoms before the initi- 
ation of steroid therapy, but no change in 
the roentgenograms was observed after 
nine weeks, and treatment was discon- 
tinued. Livingston's? case did not respond 
to one course of treatment and then ap- 
peared to respond to a second course given 
six months later. On the other hand, 
Timmes e a£" noted improvement in 5 of 
their 6 cases with no therapy whatsoever, 
and no response in the one case in which 
steroids were given. Thev do not believe 
steroid therapy is indicated unless there is 
evidence of continuing progression of the 
disease, whereas Nadeau ef a/. believe that 
a course of steroid therapy is indicated for 
every patient. 

We have noted no improvement in our 
patient who was given sufficient steroid 
therapy to produce changes of the Cushing 
type. It seems likely to us that, since eval- 
uation of treatment is so difficult and since 
spontaneous remission is so common, it is 
unlikely that steroid treatment has really 
been of benefit and that the good results 
are frequently coincidental. Nevertheless, 
there 1s good theoretic basis for the ad- 
ministration of an agent which inhibits 
fibrosis, and so further evaluation of the 
steroids is indicated. 


SUMMARY AND CONCLUSIONS 


1. An additional case of pulmonary his- 
tiocytosis X is reported with the intent of 
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re-emphasizing the place of this entity in 
the differential diagnosis of miliary pul- 
monary infiltrations. 

2. The case presented is a characteristic 
one. An admission chest roentgenogram re- 
vealed diffuse, nodular, miliary infiltration 
in a young white adult male in good health 
with a chronic cough. The diagnosis was 
established by pulmonary biopsy. The dis- 
ease has neither progressed nor regressed 
despite a course of steroid therapy. 


Eugene C. Crisler, M.D. 
Department of Radiology 
United States Naval Hospital 
Charleston, South Carolina 
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EXCAVATING PULMONARY METASTASES* 


By GERALD D. DODD, M.D., and JAMES J. BOYLE, M.D.+ 


HOUSTON, TEXAS 


HILE spontaneous cavitation of ma- 

lignant primary tumors of the lung 
has been widely reported, it is regarded as 
unusual in metastatic pulmonary nodules. 
A search of the literature has vielded 43 
cases of the latter, the majority having been 
reported as incidental observations or dif- 
ferential diagnostic problems. These cases 


are summarized in Table 1. Examples of 
necrosing pulmonary —lymphoblastomas 
have not been included since the propriety 
of designating these as metastatic deposits 
is questionable. 

In most reports dealing with excavating 
pulmonary tumors, local circulatory inade- 
quacy is cited as the primary cause. Usu- 








No. of 


Taste I 





Site of 








REPORTED CASES OF ROENTGENOGRAPHICALLY DETECTED NECROTIZING PULMONARY METASTASES 


No. of 








Author Cases Primary Growth Histopathology Metastases 
1. Bristowe I Pharynx Squamous cell carcinoma a Soe 
2. Farrell! I Undetermined Sarcoma Multiple 
3. Dolgoff and Hansen? 1 Bone Ewing's sarcoma Multiple 
4. Katzev and Bass” 1 Colon Adenocarcinoma Multiple 
5. Salzman, Reid 2 a. Testes a. Seminoma Multiple 
and Ogura?? b. Pancreas b. Ductal adeno- Multiple 
carcinoma 
6. Minor? 4 a. Urinary Bladder a. Squamous cell as 
carcinoma 
b. 3 cases with no pri- b... b esee 
mary stated 
7. Wigh and Gilmore? 1 Uterine cervix Squamous cell carcinoma Solitary 
8. Rigler? I Bone *Osteogenic sarcoma Multiple 
9. La Foret and 6 a. Mediastinum a. Teratocarcinoma Wint 
La Foret? b. 5 cases, breast or b. Adenocarcinoma bot. 
pancreas 
to. Seaman and Árneson?? 1 Uterine cervix Squamous cell carcinoma — Solitary 
11, Lichtenstein! 1 Bone Osteogenic sarcoma Multiple 
12. Meyers and Sala? ] Lung Squamous cell carcinoma Multiple 
(5. Wellens? 2 a. Lung Squamous cell carcinoma a. soo 
b. Penis Squamous cell carcinoma b. 
Ia. Deck and Sherman? 16 a, Urinary a. Squamous cell a. 
bladder carcinoma 
b. Lung bs c = Ds 
c. Bone *c. Osteogenic sarcoma c. Solitary 
d. Kidney *d. Wilms’ tumor d. Multiple 
e. Ts cases with no pri- e. e. 
mary stated 
1s, Curran and 
MacCarthy? 1 Rectum Adenocarcinoma Multiple 
Total 43 
* Necroses detected after irradiation of nodules and “or chemotherapy. 


* From the Section of Diagnostic Radiology, The University of Texas M. D. Anderson Hospital and Tumor Institute, The Texas 


Medical Center, Houston, Texas. 


T Now at the Department of Radiology, Hahnemann Medical College Hospital, Philadelphia, Pennsylvania. 
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ally, it is postulated that necrosis results 
when the size of the tumor exceeds the 
available blood supply. Other suggested 
mechanisms are infarction of the regional 
nutritional vessels by the growing tumor or 
blockage of a bronchus in the same fashion 
with subsequent infection and abscess for- 
mation distal to the obstruction. 

This report was prompted by the relative 
frequency of cases of excavating pulmonary 
metastases at M. D. Anderson Hospital 
and Tumor Institute, many of which were 
seemingly not explained by the theories 
noted above. A series of cases was therefore 
studied in an attempt to determine: (1) the 
roentgenographic incidence of excavating 
metastatic pulmonary tumors; (2) the 
location and histologic type of primary 
tumors; (3) a mode of pathogenesis; (4) 
the characteristic roentgenographic cri- 
teria, if any; 
identifying the site of the primary lesion by 
the appearance of its metastases. For these 
purposes, the chest roentgenograms of 
6,729 consecutive patients seen between 
August 1, 1955 and February 1, 1957 were 
reviewed. Each patient had been referred 
with at least a tentative diagnosis of neo- 
plastic disease and only those with unequi- 
vocal roentgenographic evidence of pul- 
monary metastases were selected for this 
study. The distribution of the metastasiz- 
ing primary tumors 1s recorded in Table 
11. No attempt has been made to indicate 
the frequency of pulmonary metastases 
with respect to the various primary lesions 
nor does the presence of metastatic dis- 
ease in the chest imply that all patients 
sutfered from detectable metastases when 
first seen. Many in this series developed 
pulmonary metastases months or years after 
definitive therapy, but were included since 
at least one positive chest roentgenogram 
was made during the eighteen month period. 

Initially, the roentgenographic diagnosis 
of a cavitating pulmonary tumor was 
based upon the criteria of Wigh and Gil- 
more?’ (1) well circumscribed intrapul- 
monary mass; (2) centrally E cavity; 
(3) thick, easily defined wall; (4) irregular 
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DISTRIBUTION OF PRIMARY 7T 


"UMORS WITH 
PULMONARY METAS S 





No.of No. Nec- 


Primary Site NE DO 
] Cases rotizing 
r. Head 217 NE" 
a. Lip 3 o 
b. Mouth E l 
c. Tongue 3 o 
d. Pharynx 4 2 
e. Larynx E I 
f. Thyroid 2I o 
g. Parotid gland 4 o 
h. Miscellaneous 5 o 
54 4 
2. Gastrointestinal Tract 
a. Esophagus 5 o 
b. Stomach 3 o 
c. Colon 16 } 
d. Liver 1 o 
e. Pancreas 2 o 
27 3 
3. Genitourinary Tract 
a. Kidney 15 o 
b. Bladder ] 1 
c. Ureters 2 o 
d. Prostate 4 o 
e. Corpus 7 o 
f. Cervix 3o 4 
g. Vulva 1 I 
h. Ovary 9 o 
i. Testes 8 o 
82 6 
4. Breast 94 2 
5. Lung 20 o 
6. Miscellaneous . 
a. Skin 8 I 
b. Melanoma 3e o 
c. Soft tissue sarcomas 11 o 
d. Synoviomas 3 o 
e. Bone 
Osteogenic sarcoma LI o 
Ewing's sarcoma 8 o 
f. Lymphomas 12 o 
g. Unknown primary 38 o 
i21 1 


or actually nodular inner wall; (5) absence 
of parenchymal inflammatory change else- 
where; and (6) the presence of additional 
metastatic lesions (Fig. 1, Æ and 5). How- 
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Vic. 1. Solitary excavating squamous cell carcinoma of lingula in a sixty-nine vear old white female with 
previously treated squamous cell tumor of cervix. Histology was inconclusive as to whether this was a 
pulmonary primary tumor or metastasis. (Z) Conventional erect posteroanterior roentgenogram of chest. 
Air-fluid level is present. (B) Laminagram in recumbent anteroposterior projection demorstrating the 
criteria of Wigh and Gilmore? for the diagnosis of excavating pulmonary neoplasms. 


ever, so-called “ring shadows” were soon 
encountered, the walls of which were 
proved to be of neoplastic origin but so 
fhin that, at times, all of the foregoing cri- 
teria did not apply (Fig. 2, -7 and B; 3, .7 
and B;4,.7 and B;6, Zand B;7,.7and B; 
and 8, Z and B). In such instances, a 
stringent analysis of the composite shadows 
of the area was carried out. If any part of 
the ring wall could be considered vascular, 
pleural or of other extraneous origin, the 
diagnosis of cavitation was considered 
equivocal and the case discarded for pur- 
poses of this study. 

In each instance the histopathology of 
the primary tumor has been carefully re- 
studied. Where possible, proof of the neo- 
plastic nature of the cavity has been ob- 


tained by autopsy or pulmonary resection 
and the histopathology of the metastatic 
lesion related to the primary tumor. In 
cases where this has not been feasible, re- 
liance has been placed on roentgenographic 
criteria, serial examinations, clinical evi- 
dence of metastatic deposits elsewhere, 
and the absence of clinical or laboratory 
evidence of pulmonary inflammatory dis- 
ease. 

The incidence of cavitating bronchogenic 
carcinoma was also determined for com. 
parative purposes. 


INCIDENCE 


Roentgenographically detectable cavita- 
tion was found in g per cent of primary lung 
tumors and 4 per cent of pulmonary metas- 
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Fic. 2. Multiple excavating pulmonary metastases in a seventy-eight year old white male with Grade 
1H. squamous cell carcinoma of the ear. The tumor has widely infiltrated the parotid gland and the re- 
gional cervical lymph nodes. A marked tendency to central necrosis was evident in all biopsy specimens. 
(4) “Ring shadows" as well as apparently solid nodules are scattered throughout the chest. The largest 
nodule (right lower lobe) measures 1.5 cm. in diameter and shows extensive excavation. (B) Laminagram 
of left base showing neoplastic characteristics of a cavity in a 1.2 cm. nodule just above the diaphragm. 
The second metastatic deposit appears solid, but later showed excavation. 


tases in this study. An additional 7 excavat- 
ing neoplasms could not be placed in either 
category since all were solitarv lesions of 
squamous cell origin, arising in patients 
with primary squamous cell carcinoma else- 
where. In all probability, the incidence of 
central excavation in metastases is higher 
than the figures indicate. An additional 20 
cases were discarded 1n the absence of un- 
equivocal roentgenographic proof of cavita- 
tion and no cases were included in which ex- 
cavation was detected following chemo- 
therapy or local roentgen therapy to the 
metastases. The results of the analvsis are 
recorded in Table iu. 


HISTOLOGIC TYPES 


Eleven, or 69 per cent, of the multiple 
excavating metastatic nodules were of 
squamous cell origin. All of the excavating 
bronchogenic carcinomas were of this cell 
type, a finding in agreement with other 
published series. The remainder of the 
metastatic group (5) were adenocarci- 
nomas. Three originated in the colon and 2 
in the female breast. The tendency of the 
pulmonary metastases of adenocarcinoma 
of the colon to excavate is emphasized 
when it is noted that the 3 cases in this se- 
ries occurred in but 16 patients as con- 


trasted to 2 examples in g4 patients with 
carcinoma of the breast. Le May” has also 
observed 4 cases occurring with carcinoma 
of the colon and Curran and MacCarthv 
have recently reported a case. 

Since the number of excavating metas- 
tases in the series Is relatively small, we 
have attempted to confirm this distribution 
by investigation of material accumulated 
since February 1, 1957. The additional 
cases do not represent an exhaustive review 
of all metastatic disease as in the initial 
group, but are those routinely indexed in 
the course of dailv film interpretation. 
Twelve examples of unequivocal excavat- 
ing metastases were encountered; 9 of 
squamous or transitional cell type, 2 adeno- 
carcinomas (breast and corpus uteri) and 
|i melanoma. As in the previous group, al- 
most an equal number were discarded since 
the roentgen findings were equivocal and 2 
solitarv lesions were listed which could not 
be differentiated. from primary broncho- 
genic carcinoma. The locations of the pri- 
mary tumors paralleled those of the first 
group studied. Analvsis of the over-all dis- 
tribution of tumors in this institution did 
not indicate a sufficient variation. from 
those of the average community to invali- 
date these findings.” 
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Excavating Pulmonary Metastases 


Taste HI 


A. Cases Reviewed (consecutive) 
a. Malignant tumors of the lung 

1, Primary tumors of lung 
2. Metastatic tumors of lung 


B. Cases of Excavating Tumors 
a. Bronchogenic carcinoma 
b. Metastatic tumors 


c. Primary vs. solitary metastatic tumors 


C, Multiple Excavating Metastases 
Site of Primary 
a. Pharyngo-larynx 
b. Female genitalia 
€, Skin 
d. Urinary bladder 
e. Colon 
f. Breast 





D. Exc 
Site of Primary 
a. Uterine cervix 
b. Pharyngo-larynx 
€. Skin 
d. External genitalia 


PATHOGENESIS 

The reasons for the assumption that ne- 
crosis in pulmonary tumors is attributable 
to an inadequate blood supply have been 
summarized by Willis? as follows: (1) the 
vascular supply of most pulmonary tumors 
of epithelial origin is richest at the margins; 
(2) short of actual necrosis, many features 
indicative of inadequate cellular nutrition 
or oxygenation are frequently noted micro- 
stopically; and (3) degenerative changes 
are common both at autopsy and micro- 
scopically in pulmonary tumors which ex- 
ceed several centimeters in diameter. Pre- 
sumably, as the growing tumor outstrips 
its blood supply, central ischemia occurs 
with ensuing necrosis. Infection may or 
may not supervene. Roentgenographically, 
necrosis becomes evident when communica- 
tion with a regional bronchus permits ex- 
pulsion of the necrotic material. 

As the review of our series progressed, 
some doubt was cast upon the complete 
validity of this explanation by three fac- 
tors: (1) the extremely small size of many 


No. of Cases 


avating Primary vs. Solitary Metastatic Tumors 
No. of Cases 


6,729 
574 or 8.5% of total cases 
176 or 2.6% of total cases 
398 or 5.955 of total cases 








16 or g.1% of primary tumors 
16 or 4% of metastatic tumors 
/; of excavating tumors 








Cell Type 


4 Squamous 

5 Squamous 

1 Squamous 

I Transitional 

3 Adenocarcinoma 
. 


Adenocarcinoma 


Cell Type 


$ Squamous 
2 Squamous 
I Squamous 
I Squamous 


of the necrosing tumors; (2) the thinness 
(1-2 mm.) and internal smoothness of the 
walls of many cavities; and (3) the predom- 
inance of squamous cell lesions. Discussion 
of the problem with pathologists also indi- 
cated that the majority of central degenera- 
tive changes seen at autopsy were of a gelat- 
inous or caseous nature rather than actual 
cavitation. For these reasons other explana- 
tlons were sought. 

The possibility of implantation of tumor 
cells by aspiration was considered since 
many of the primary lesions were located in 
the head and neck area. It was also postu- 
lated that metastases of this type would 
tend to be less vascular and hence more 
likely to necrose at an early stage. How- 
ever, this explanation was largely discarded 
when it became evident that direct exfolia- 
tion of cells into airway was not probable 
in the majoritv of our cases and that pri- 
mary lesions elsewhere in the body resulted 
in identical forms of cavitating metastatic 
disease in the lungs. Aspiration spread can- 
not be entirely dismissed on these grounds, 


t2 
oo 
we 





Fis. 3. 
metastases in a forty-four year old white male 
with Grade 11 squamous cell carcinoma of the skin 
invading the parotid gland and the regional lymph 
nodes. Microscopically, the tumor showed intra- 


(4 and B) Multiple excavating pulmonary 


cellular keratin and pearl formation; the lymph 
node metastases were anaplastic with central de- 
generation. Fluid levels are present in the larger 
metastases. The arrows in 4 indicate smaller ex- 
cavating deposits. Note relative uniformity of all 
wall thicknesses despite the size of the metastases. 


but Liebow" has described such tumors as 
largely intrabronchial and polypoid with a 
relatively small base of attachment. This 
description did not apply in any of the 
cases in our series in which resection or 
autopsy was done and proved cases in the 
literature are comparatively rare. Willis? 
has pointed out that three factors usually 
prevent engrafted disease in the respiratory 
tract: (1) the mucoid character of the 
bronchial secretions tends to prevent im- 
plantation of cells, (2) the normal bacterial 
flora of the respiratory tract destroys 
malignant cells, and (3) respiratory motion 
and ciliary activity of the respiratory epi- 
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thelium prevent effective implantation of 
foreign particles. 

Mayock ef a4/.?? have demonstrated that 
cavitation can be simulated by lesions 
filled with solid or liquid caseous material 
and suggest that this results from a physio- 
chemical change which increases the lipoid 
concentration of the contents. Curran and 
MacCarthy? cite this as a possible explana- 
tion for the apparent cavitation of pulmo- 
nary metastases from an adenocarcinoma of 
the rectum. In their case, expectoration 
was not a prominent feature and no com- 
munication of the multiple cavities with 
the bronchi could be shown. However, the 
presence of air-fluid levels in several of the 
cavities illustrated affords at least prima 


facie evidence of communication with the 


airway. Although this hypothesis might ex- 
plain the apparent excavation of some of 
the lesions in our series, the frequent pres- 
ence of air-fluid levels has been accepted bv 
us as a reliable indication of continuity with 
the respiratory passageways. 

Simon® has noted in his recent text that 
small and thin-walled cavities (“ring-shad- 
ows") may be neoplastic in nature. Since 
there is often no history of copious expec- 
toration, he regards it as unlikely that the 
central air space has resulted from expul- 
sion of the necrotic material. He suggests 
that in its early stages a growth may ob- 
struct a relatively small bronchus and cause 
cystic distention of the air sacs distal to the 
block; subsequently, the neoplasm grows 
into the cyst forming a secondary lining of 
tumor cells. 

Anderson and Pierce! postulate a similar 
mechanism for the occasional primary 
squamous cell carcinoma of the bronchus 
which resembles a thin-walled cyst. Ex- 
amination of their operative and necropsy 
specimens in 6 cases revealed the linings 
of the cavities to be smooth and shining in 
some areas and rough and opaque in others. 
The cavity walls were composed of a mix- 
ture of fibrous tissue and well-differentiated 
squamous carcinoma cells. The inner sur- 
face of the cavities consisted either of these 
cells or of flattened squamous metaplastic 
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epitheltum with malignant tissue spread- 
ing just beneath the surface. The lavers of 
malignant cells were frequently thin and 
portions of the walls were formed by com- 
pressed lung only. Occasionally, a thin cov- 
ering of inflammatory material was present. 
In no instance was degeneration or necrosis 
of the malignant cells noted. In view of the 
marked variance between these findings 
and the gross and histologic appearance of 
the usual excavating pulmonary tumor, 
these authors suggest that this form occurs 
when a thin layer of malignant cells grows 


Excavating Pulmonary Metastases 








Fic. 4. Multiple excavating pulmonary metas- 
tases in an eighty-two year old white male 
with extensive, moderately anaplastic, squa- 
mous cell carcinoma of the right pyriform 
sinus. (1) The arrows indicate small, ex- 
tremely thin-walled lesions. (B) Enlarge. 
ment of the right upper lobe tumors. The 
upper cavity appears under tension and 
laminagrams demonstrated no internal nod. 
ularity. The wall thickness is less than 1 mm. 
(C) Autopsy specimen of the larger of the 
night upper lobe metastases. A vessel is seen 
on end in the inferior aspect of the cavity. 


into a pre-existing cavity. Such cavities 
may be formed by a ball-valve obstruction 
of a bronchus or by inflammatory changes 
in proximity to, but not involving, the 
tumor. Although unable to demonstrate 
positive evidence of a ball-valve obstruc- 
tion in their cases, they regard the presence 
of a lining membrane of nonmalignant epi- 
thelium as conclusive proof of their hv- 
pothesis. 

The gross and histologic findings in many 
of the excavating squamous cell metas- 
tases in this series were similar to those de- 
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Fro. 4. (D) Tissue section through Figure 4C. The contents are artifacts. The walls are composed of malignant 
squamous epithelium with little evidence of degeneration. Although no definite connection with airway 
was demonstrable on serial sections of entire cavity, it is believed that cornified central layers have des- 
guamated or been stripped away by respiratory motion and evacuated. 


scribed by Anderson and Pierce (Fig. 4, C 
and D; 5, Æ and B; and 6 C). As noted by 
Seaman and Arneson,?" it is often impossi- 
ble to differentiate between squamous cell 
metastatic deposits and primary squamous 
cell bronchogenic carcinoma on histologic 
grounds alone (Fig. 1, ,7 and B). It is also 
of interest that cystic metastatic deposits 
derived from adenocarcinoma of the colon 
are roentgenographically indistinguishable 
from the squamous cell variety (Fig. 8, Z 
and B). Nevertheless, it does not seem 
reasonable to us to assume that multiple 
metastatic deposits would, either for- 
tuitously or selectively, invade multiple 
pre-existing cavities. 

The frequency of cases of excavating 
squamous cell tumors reported in the litera- 
ture and in this series suggests that inherent 
properties of the normal primary tissue are 
a potentiating factor in the development of 
cavitation. In any stratified epithelial mem- 
brane which is exposed to air, the surface 


cells dehydrate and fuse to form a protec- 
tive layer of keratin. As the deeper cells re- 
produce, new cells are constantly pushed 
toward the surface where they in turn are 
converted into keratin to replace desqua- 
mated layers. The same process often oc- 
curs in the center of squamous neoplastic 
masses but, in the absence of air, the end- 
product is semiliquid as contrasted to tle 
horny character of surface keratin (Fig. 
gd). In general, since metastases of most 
tumors closely reflect the structural fea- 
tures of the primary lesion, the degree of 
cornification in the metastases will parallel 
that of the primary tumor. This process 1s 
most evident in squamous tumors of the 
head and neck and, to a lesser extent, in 
those of the cervix and bladder. Various 
authors?3* have commented upon the 
cvstic tendencies of squamous cell metas- 
tases in the lymph nodes and abdominal 
viscera, particularly from these locations. 
It is therefore not surprising that similar 


2 
A 


Vor Rg, No. 2 Excavating Pulmonary Metastases 





Vic. s. Central cornification of malignant squamous epithelial masses. GT) Tumor-invaded lymph node from 
à patient with squamous cell carcinoma of the lip. Little normal architecture remains. An extremely thin 
layer of viable malignant squamous epithelium lines the capsule of the node; the contents largely consist 
of multiple layers of cornified epithelium, epithelial pearls and cellular debris, Such nodes are cyst-like on 
palpation, the cornified material being semiliquid in the absence of air. (B) A 2 mm. metastatic pul. 
monary nodule from the same patient illustrated in Figure 4. This was not detected roentgenographically. 
Note the extensive central excavation with lack of debris and little evidence of degeneration of neoplastic 
cells. There is probably a connection with an alveolar duct; a thin layer of tumor cells lines the duct walls. 
It is thought that such communications with the lesser respiratory passages permit earl y evacuation of 
the semiliquid products of cornification, leaving onlv the thin rim of viable tumor cells. 
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;. Multiple excavating pulmonary metastases in a twenty-six year old white female with disseminated 


REPE carcinoma of Mem (4 and B) Cavitation of the type described by Wigh and Gilmore? In 
the forty-four day interval between roentgenograms, the metastases have increased in size, but the cavi- 
ties have disappeared or are partially filled, presumably as the result of bronchial obstruction. 


metastatic forms occur in the lungs. As a 
rule, in our group of cases, metastases from 
the head, neck and skin showed earlier and 
more extensive excavation than those from 
the cervix and bladder. 

The fact that a squamous metastatic de- 
posit may have a semiliquid center does not 


in itself explain the relative frequency. of 


roentgenologically demonstrable cavita- 
tion. In the usual course of events,” follow- 
ing occlusion of an arteriole by a viable 
thrombus of tumor cells, the vessel wall is 
invaded and access to the perivascular 
spaces is gained. The tumor may then 
spread interstitially or intra-alveolarly. The 
latter is a frequent method of extension, 
the tumor emploving the alveolar sponge- 
work as a stroma and extending progres- 
sively via the antra or Kohn's pores. The 
neoplastic tissue is avascular, the blood 
supply beingderived from thealveolar septa. 


Eventually the lung architecture is de- 
stroved in the substance of large tumors 
and central avascular necrosis ensues (Fig. 
6 C). Ellis ef a/. have shown that, although 
metastatic disease commonly involves the 
bronchi, the overlying bronchial mucosa 
usually remains intact. These authors cite 
this finding as an explanation for the low 
incidence of positive cytologic studies in 
metastatic disease. Since the majority of 
metastatic tumors undergo central degen- 
eration only when the tumor exceeds the 
available blood supply, the low incidence of 
roentgenologically demonstrable cavitation 
may be similarly explained. 

It is our belief that a clue to the prepon- 
derance of squamous cell lesions may be 
found in the extremely small metastatic 
deposits which have undergone extensive 
central excavation (Fig. 2-5, inclusive). 
The size of these metastases makes it highly 
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Fic. 6 (C) Tissue section of pulmonary metastasis. Note the central debris and gradual transition from 
viable tumor to necrotic material in contrast to the sections through the thin-walled cavities of squamous 


origin. 


improbable that inadequate circulation is 
responsible for the central degeneration. 
However, central cornification, as an in- 
herent characteristic of squamous epitheli- 
um, may begin almost immediately. As the 
tumor breaks into the alveoli, multiple op- 
portunities for communication between the 
semiliquid contents and the respiratory 
passageways below the bronchial level 
accur (Fig. c, Æ and B); the alveoli and 
alveolar ducts may be considered analogous 
to the “pre-formed cavities” suggested by 
Anderson and Pierce! and by Simon”. Once 
the central lavers of epithelium are in con- 
tact with air, the process of cornification is 
further facilitated and respiratory motion 
assists 1n stripping the dehvdrated, strati- 
fied material from the cavity walls. Growth 
meanwhile progresses peripherallv, the 
two processes combining to increase the 
size of the cavitv while maintaining a wall 
of relatively constant thickness (Fig. 7, Z 
and B). 

Adenocarcinomas may show a cystic 
tendency throughout the life of a tumor, 


presumably due to the transmission of sec- 
retory function to the metastatic deposits. 
Large quantities of mucin and pseudo- 
mucin mav be produced, particularly by 
tumors primary in the gastrointestinal 
tract, ovary and breast. However, true 
mucin-secreting carcinomas occur in but 
10-14 per cent of cases, muccid degenera- 
tion of primary and secondary adenocar- 
cinomas being more commonplace. The 
relationship, if any, of these processes to 
the excavating forms of pulmonary metas- 
tases is not clear. Both cystic and thick- 
walled cavities occur, the former most 
notably with carcinomas of the colon. Only 
one mucin-producing carcinoma was en- 
countered in this series and the case illus- 
trated in Figure 8, Æ and B was a well- 
formed adenocarcinoma in which mucin 
production or degeneration was not a prom- 
inent feature. Willis’ contention that the 
pulmonary metastases of wellditferenti- 
ated adenocarcinomas~-particularly the 
mucoid variety-—tend to spread via the 
septal pores and palisade directly upon the 
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Fic. 7. (4 and B) A sixty-nine year old white male with Grade 111 squamous cell carcinoma of the buccal 
mucosa. Microscopically, keratinization and pearl formation were prominent, In a two month interval 
between f and B the excavating metastases have increased in size, but the wall thickness remains approxi- 


mately the same (2-3 mm.). 


alveolar walls may be of significance.” But 
this description is disputed by some path- 
ologists who feel that palisading is indica- 
tive of alveolar cell carcinoma, a form of 
tumor in which cavitation is seldom seen. 
Unfortunately, the tissue specimens avail- 
able to us are insufficient to establish a 
relationship between any of these factors 
and excavation. Nevertheless, it seems evi- 
dent that the existence of the cystic forms 
implies the presence of a factor or factors 
other than a locally inadequate blood sup- 
ply. 

In any form of thin-walled pulmonary 
cavity, an alternately smooth and crenated 
appearance of the external wall suggests the 
presence of an intermittent ball-valve bron- 
chial obstruction (Fig. 4, 4 and B; 7, 4 
and B; and 8, Zand B). It is probable that 
such a mechanism assists in the growth of 
cystic neoplastic cavities. Rupture of the 


thin laver of tumor cells and adjacent 
devitalized alveoli by increases in intra- 
cavitary pressure may explain the inter- 
spaced areas of nonmalignant living tissue 
noted by Anderson and Pierce! as well as 
contribute to the size of the cavity. 
Failure of uniform behavior by all metas- 
tases of a given tumor or group of tumors 
is attributable to variations in the indi- 
vidual neoplasms as well as to departures 
from parenteral structural type bv the 
metastases. For example, not all excavating 
pulmonary metastases in this series from 
the head and neck were of the "ring" or 
cvstic tvpe. The same is true of the adeno- 
carcinoma group. Presumabiy, those me- 
tastases which show the more typical ap- 
pearance of excavating pulmonary neo- 
plasms depend upon chance destruction of 
the bronchial cartilage and mucosa for ex- 
pulsion of their contents; i.e, the factors 
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Fra. 8. Multiple excavating pulmonary metastases in a forty-six year old white male. Thirty months previ- 
ously an abdominal-perineal resection had been performed for a well differentiated, nonmucord adeno- 
carcinoma of the rectum. The pulmonary biopsy of the right upper lobe lesion revealed a well ditferenti- 
ated adenocarcinoma. (Courtesy of Dr. Marjorie Le May, Boston, Massachusetts.) (7) Diffuse inflamma- 
tory disease involving cystic metastases of the right upper lobe. Temperature 103° F. The pneamonic process 
was not present on a roentgenogram made four days previously. (B) Seven-month follow-up roentgeno- 
gram. The metastases have increased in size and number, but the cavity walls maintain average thickness. 
Inflammatory disease has partially obliterated right upper lobe cavities. The large right lower lobe cavity 
is more irregular, suggesting the presence of intermittent ball-valve mechanism. 


permissive of communication with the 
airway below the bronchial level are not 
sufficiently. pronounced to allow formation 
of a cystic cavity. However, the relative 
frequency. of thick-walled squamous and 
adenocarcinomatous metastatic cavities as 
compared to other cell types would indi- 
cate that these characteristics, though less 
effective, facilitate excavation (Fig. 9, .7 
and 5). 

Cavitation in other forms of metastatic 
tumor is, in the majority, the result of in- 
adequate blood supply. It should be borne 
in mind, however, that reported instances 
of necrosis in teratomas may well result 
from breakdown of epithelial elements. 
Necrosing “seminomas” may be included 
in this category since a biopsy of one site 
may be indicative of seminoma, but in 


i 


other areas may contain teratomatous ele- 
ments (Willis*). 

Pancreatic neoplasms may oroduce me- 
tastases which retain the capac ty to secrete 
the proteolytic and lipolytic enzymes. The 
functioning metastases in effect digest both 
their own substance and the surrounding 
normal tissue. None of these have been en- 
countered in this series, but such instances 
are recorded in the literature. 


ROENTGENOGRAPHIC CONSIDERATIONS 


Cavitating metastases may be single or 
multiple and vary greatly in size. Relatively 
massive lesions may be present without ap- 
parent excavation, whereas smaller de- 
posits may, in the same patient, show 
central degeneration. The smallest metastat- 


ic cavity detected in this series was 8 mm. 
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Fie. 9. Noncystic excavating pulmonary squamous cell carcinoma metastases. (A) Seventy-one year old 
white male. Primary lesion, Grade 11 papillary transitional cell carcinoma of the urinary bladder. Excava- 
tion was demonstrable only in the smaller mass. (B) Thirty year old white female. Primary lesion, Grade 
Irt squamous cell carcinoma of the cervix. 


in diameter. If it is correct that tissue char- 
acteristics are responsible for cavitation, 
then it would seem logical to infer that 
similar changes are also present in at least 
some of the apparently intact nodules. The 
solid appearance may stem from lack of 
communication with a bronchus, intermit- 
tent bronchial obstruction or variations in 
the transmitted structural details of the 
metastases. Cases of unequivocal cavita- 
tion in a nodule have been observed in 
this series with the same lesion appearing 
as a solid mass on subsequent studies (Fig. 
6, A and B). Evacuation of other nodules 
may occur during the same interval. 
Fluid levels are frequently seen, particu- 
larly in the larger metastases (Fig. 3, .7 and 
B; 8, 4 and B; and 94). 

The shape of thin-walled metastatic de- 
posits may be quite bizarre, the appear- 
ance suggesting multilocular cystic disease 
rather than tumor. Occasionally, these will 
assume a more typically spherical contour, 
probably as the result of intermittent bron- 


chial obstruction. Despite progressive in- 
crease in the size of the cavitv, the walls 
are prone to maintain an average thick- 
ness, a finding which supports the theorv 
that the older cells are shed internally.* 
In some instances intermittent bronchial 
obstruction may also be a factor in main- 
taining the average wall thickness (Fig. 7, 
Aand B; and 8, 4 and B). 

Although as a rule the criteria of Wigh 
and Gilmore? serve as reliable diagnostic 
signs, the nodularity of the inner wall may 
not always be apparent on plain roentgeno- 
grams of thin-walled lesions. Usuallv, this 
can be demonstrated by laminagraphy (Fig. 
2B). Less commonly, the inner wall is 
smooth and the correct diagnosis becomes 
dependent upon the demonstration of solid 


* The absence of significant quantities of sputum clinically 
does not rule out communication with the airway. The process 
begins early and progresses slowly with the size of the cavity de- 
pendent upon respiratory dynamics as well as tumor growth. Un- 
less substantial bronchial obstruction occurs, only minute quanti- 
ties of debris are expelled. 
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or cystic deposits elsewhere (Fig. 4, Z and 
By. 

Although relatively nonspecific, the iden- 
tification of excavating pulmonary metas- 
tases does permit some generalization con- 
cerning their origin. Approximately 70 per 
cent of these will be of squamous cell origin. 
In the male, the bulk arise from tumors of 
the head and neck; in the female from the 
genitalia. The number of adenocarcinomas 
has been small, but there is no significant 
sex preference in the cases seen and the 
pulmonary forms are indistinguishable 
from the squamous variety. In general, the 
metastases originating in the head and 
neck undergo cavitation when quite small 
and have extremely thin walls. The exca- 
vating lesions of the bladder and genitalia 
on the whole have thicker walls and re- 
semble the more common form of excavat- 
ing pulmonary neoplasm (Fig. 9, Z and B). 

Spontaneous pneumothorax occurring 
with metastatic pulmonary cancer has been 
reported by several authors.'^!**? With the 
exception of one case of metastatic adeno- 
carcinoma reported by Sherman and 
Brant,” all of these have been metastasizing 
sarcoma. In several instances there has 
been cavitation of the metastatic deposits, 
but the majority show spontaneous pneu- 
mothorax without obvious cavity forma- 
tion. None of our cases demonstrated pneu- 
mothorax despite some instances of exten- 
sive cavitation, and pleural effusions were 
not common, 


DIFFERENTIAL DIAGNOSIS 


There are several entities which may be 
confused with excavating metastatic de- 
posits in the lungs. The difficulty of differ- 
entiating between a bronchogenic carci- 
noma and a solitary necrosing metastatic 
deposit has already been discussed. Felson? 
has referred to a case of an apical cavity 
which was initially 8 mm. in diameter with 
a wall 2 mm. in thickness. This was ob- 
served over a period of approximately two 
years and in no instance did the wall thick- 
ness exceed 3-4 mm. even though the diam- 
eter of the cavity steadily increased. In the 
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absence of disease elsewhere, this was felt 
to represent a primary bronchogenic car- 
cinoma. At least 4 cases of bronchogenic 
carcinoma with excavating pulmonary me- 
tastases have been encountered in this in- 
stitution subsequent to analysis of this 
series. 

Smaller pulmonary cysts may be con- 
fused with thin-walled cavitating nodules, 
especially when repeated bouts of inflam- 
matory disease in the cysts have distorted 
the margins. Peabody ef al? have re- 
ported an example of bronchial carcinoma 
arising in a lung cyst. 

Multiple pulmonary abscesses, particu- 
larly those which occur with staphylococcic 
pvemias or showers of small septic emboli 
may produce well defined densities highly 
suggestive of nodular metastases. With the 
development of central destruction, cavita- 
tion with fluid levels may be evident.” 

In the granulomatous group of lesions, 
the cavities found in aspergillosis, coccidio- 
mycosis and chronic tuberculosis represent 
the more important differential entities. 

Less commonly, varicella pneumonia 
may appear as well circumscribed nodular 
deposits in the lung fields which subse- 
quently excavate, the roentgen appearance 
being indistinguishable from that of exca- 
vating metastases.!® Forsee and Blake? 
have reported 4 patients with systemic xan- 
thomatoses in which sharply defined pul- 
monary nodules and concomitant cyst-like 
changes in the lung were demonstrable. 
These resulted from obstruction of bronchi 
by submucosal infiltration. of xanthoma 
cells. 


SUMMARY AND CONCLUSIONS 

1. Sixteen new cases of excavating pul- 
monary metastases are presented. 

2. In a series of 6,729 consecutive pa- 
tients seen in a tumor institution, excava- 
tion was encountered in 9 per cent of pa- 
tients with primary tumors of the lung and 
4 per cent of patients with pulmonary me- 
tastases. 

3. Sixtv-nine per cent of the excavating 
metastases were of squamous cell origin as 
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were all of the bronchogenic carcinomas. 
Thirty-one per cent were derived from 
adenocarcinomas of breast and colon. This 
distribution was paralleled in a control 
series of patients (12 cases). 

4. The possible mechanisms of excava- 
tion are discussed. It has been concluded 
that specific tissue characteristics are pri- 
marily responsible for the majority of 
roentgenographically detectable excavating 
metastases rather than deficiency in the 
blood supply per se. 

s. The roentgen criteria and differential 
diagnosis of excavating pulmonary neo- 
plasms are enumerated and the feasibility 
of identifying the primary tumor from the 
characteristics of its metastases is consid- 
ered. 


Gerald D. Dodd, M.D. 
The University of Texas 
M.D. Anderson Hospital and Tumor Institute 
The Texas Medical Center 
Houston, Texas 
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PRIMARY LYMPHOSARCOMA OF THE LUNG* 
By MURRAY G. BARON, M.D. and WALTER M. WHITEHOUSE, M.D. 


ANN ARBOR, MICHIGAN 


YMPHOSARCOMA may occasionally 
arise primarily in the pulmonary pa- 
renchyma without involvement of lymph 
nodes or other organs until late in the 
course of the disease. This localized form of 
the disease is an entity clinically separate 
from generalized lymphosarcoma. It is not 
certain if it is a malignant process from its 
inception or if it represents malignant de- 
generation of a so-called “benign lym- 
phoma.” The tumor is relatively slow grow- 
ing and remains limited to the lung for 
variable periods of time. Because of this, 
treatment in the form of excision or irradia- 
tion should be designed to be curative 
rather than palliative as the prognosis, in 
those cases which have not metastasized, 
is good. 

Since it involves only the lung, lymph 
node biopsy, marrow studies and other pro- 
cedures used in the study of generalized 
lymphosarcoma are of no value in the diag- 
nosis of primary pulmonary lymphosar- 
coma. The problem resolves itself into one 
of a mass in the lung of unknown etiology. 
Although the ultimate diagnosis in most 
cases will have to be made at the time of 
thoracotomy, certain clinical and roent- 
genographic features can suggest the diag- 
nosis preoperatively. 

Primary lymphosarcoma in the lung is 
quite rare. Robbins,” in a review of 715 
cases of all types of lymphoma of which 7 
per cent showed roentgen evidence of pul- 
monary involvement, found none which 
could be considered primary in the lung. 
Only 1 of the 196 cases of lymphosarcoma 
reported by Sugarbaker and Craver! was 
felt to arise in the lung and none of the 220 
cases of lymphosarcoma in the series of Gall 
and Mallory.” Thus, a primary localization 
of lymphosarcoma in the lung is less com- 


mon than it is, for example, in the stomach, 
tonsils or nasopharynx. 

We have found 34 documented cases of 
primary pulmonary lymphosarcoma in the 
literature. A review of these cases together 
with 5 to be reported constitute the ma- 
terial for this report. Our cases were drawn 
from the Surgical Pathology files of The 
University of Michigan Medical Center 
and have all been proved by study of the 
specimen removed or biopsied at the time 
of thoracotomy. 


REPORT OF CASES 


Case 1. J.J., No. 632-681, a thirty-seven 
year old white female, was well until February, 
1946, when she developed right sided pneu- 
monia and pleurisy. This responded to treat- 
ment but she continued to have pain in the 
right lower thorax on deep inspiration. A year 
and a half later, following an upper respiratory 
infection, she felt weak and tired and began to 
cough, producing small amounts of grayish, 
odorless sputum. Her local physician noted 
clubbing of the fingers at this time. Cough and 
pleuritic pain continued until her admission to 
University Hospital on March 7, 1948. There 
was a ten pound weight loss over the previous’ 
year. 

Positive physical findings were limited to 
the chest and the clubbing of the fingers. Rou- 
tine laboratory studies were within normgl 
limits. A roentgenogram of the chest (Fig. 1) 
revealed a homogeneous consolidation of the - 
right lower lung. A bronchogram (Fig. 2) 
showed incomplete filling of the right lower 
lobe branches. The distal bronchi were tapered 
and some appeared to be compressed and dis- 
placed by the mass. At the time of bronchos- 
copy, the mucosa of the right lower lobe 
bronchus was found to be edematous and hy- 
peremic. The basilar divisions were patent, al- 
though there was some narrowing of the pos- 
terior and mesial basal segments. 

On April ar, 1948, thoracotomy was per- 


* From the Department of Radiology, The University of Michigan Medical Center, Ann Arbor, Michigan. 
t Present address: Department of Radiology, The Mount Sinai Hospital, New York, New York. 
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formed, The r ight lower lobe was found to be 
adherent to di: chest wall. When this lobe was 
palpated through the long fissure, small nod- 
ules could be felt throughout its substance. 
The lung was fixed to the diaphragm. Explo me 
tion of the hilus showed tumor extending into 
the mediaszinum. The tumor was biopsied and 
the chest closed. The microscopic diagnosis was 
Iymphoblastoma infiltrating the lung. 

Irradiation of the right lung and mediasti- 
num was accomplished through anterior, poste- 
right chest fields, using 200 kv., half 
value laver 1.0 mm. copper, focus skin distance 
cm. A dose of 1,225 r in air was delivered to 
each field in a total of nineteen days. The pa- 
nent has done well since her irradiation al- 
though she notices occasional blood streaking 
of her sputum. She underwent a subtotal gas- 
trectomy for ulcer in 1921 without incident and 
was last heard from on February 17, 1958 at 
which time she was in good health. 


Case u. F.M., No. 703-049, a sixty-four 
vear old white male, was first seen at Univer- 
sity Hospital on April 18, 1951 because of 
bursitis of the left shoulder. A minifilm of the 
chest at this time showed a lesion in the left 
upper lung that was interpreted as localized 
pleural thickening. The patient was seen again 


rior ang 











t. Homogeneous consolidation in 
right lower lung. 


Fic. 1. Case 


Primary Lymphosarcoma of the Lung 


295 





Fic. 2. Case 1. Bronchogram showing incomplete fill 


"ng of the right lower lobe, with tapering of 
branches, compression and displacement. 


in September, 1952 at which time he was 
asymptomatic. A chest roentgenogram (lig. 3) 
once more showed the left upper lobe abnormal- 
ity which had not changed over the past eighr- 
een months. Bronchograms at this time were 
completely negative, the left upper lobe 
bronchi being of normal caliber and pursuing 
a normal course. Because of these findings it 
was felt that this lesion was not neoplastic and 
it was elected to continue ce ration of the 
patient. No change was noted c SEE his ex- 
amination in October, 1953 and the patient 
was not seen again until 1956 when comparison 
of a mobile survey chest roentgenogram made at 
that time with our previous roentgenograms 
showed some increase in the size of his pulmo- 
nary lesion. 

He was admitted to University Hespital on 
September 27, 1956. Phvsical examination was 
negative except for a 2 cm. lymph node in the 
left axilla. Tuberculin skin test was positive; all 
other skin tests were negative. Routine labo- 
ratory studies were within norma! limits. 


Roentgenograms of the chest, September 27, 
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Fie. 3. Case u. Left upper lobe abnormality which 
d.d not show any change in eighteen months. 


1956, showed a mass in the left upper lobe with 
a finely irregular margin. Air filled bronchi were 
vis ble within the mass (Fig. 4). A broncho- 
gram showed a normal bronchial tree (Fig. 5). 
A laminagram of the left upper lobe demon- 
strated the patent bronchi within the mass 
(Fig. 6). Bronchoscopy was negative and bron- 
chial washings were negative for malignant 
cells and acid fast bacilli. Excisional biopsy 
of the left axillary lymph node showed chronic 
hyperplastic lymphadenitis and no neoplasm. 
Thoractomy was performed on December 7, 
1956. A moderately firm mass was palpated in 


the anterior and apical posterior segments of 


the left upper lobe. It appeared to be adherent 
to the chest wali and mediastinum. The tumor 
was dissected away and biopsy of the remain- 
ing mediastinum showed no neoplasm. Medi- 





Fie. 4. Case ri. Increasing mass in left upper lobe. 
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Vic. s, Case m. No bronchographic abnormality is 
visualized in the region or the mass. 


astinal and hilar lymph nodes were not felt to 
be involved. Microscopic examination revealed 
a Ivmphoblastoma of. lymphosarcoma type. 
One lymph node in the hilus showed changes 
suggestive of early lymphoblastomatous in- 
volvement, but the remainder cf the lymph 
nodes were negative. 








Fic. 6. 


Case m. Laminagram confirming patent 
bronchi within the mass. 
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The patient’s postoperative course was un- 
eventful. No radiation therapy was given. At 
the time of an annual examination, May 13, 
1959, he was found to be in excellent condition 
with no evidence of recurrence of his disease. 


Case ut. E.V., No. 849-076, a forty-nine 
vear old female, was admitted to University 
Hospital on. August 12, 19:6. Eight months 
prior to this a “spot” on the right lung was 
noted on a minifilm of the chest during a rou- 
tine survey, The patient was completely asymp- 
tomatic. 

Physical examination and routine laboratory 
studies were negative. All skin tests were nega- 
tive. Atypical acid fast bacilli were cultured 
from the sputum. A roentgenogram of the 
chest (Fig. 7) showed a mass in the hilar por- 
tion of the right middle lobe. The margins were 
poorly demarcated. The hilus was not enlarged 
and the vessels at the hilus appeared to be nor- 
mal. The appearance of the chest was identical 
with that on roentgenograms made elsewhere 
on January 1o, 1956. Bronchoscopy revealed no 
abnormality except for some slight narrowing 
of the branches to the right lower lung. Bron- 
chograms were normal, Filling of both segments 
of the middle lobe was obtained (Fig. 8). 
Bronchial washings were negative for malig- 
nant cells. 

On August 21, 1555 a right middle and upper 
lobectomy was pertormed. There was fleshy con- 
solidation of the middle lobe and the disease 
crossed the horizontal fissure to involve the 
upper lobe. Hilar and mediastinal lymph nodes 





Fic. 7. Case ur. Right middle lobe hilar mass which 
was first seen on a survey roentgenogram. 
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Vic. 8. Case iti, Patent bronchi in the 
area of the mass. 


were not involved. Microscopic examination 
showed widespread infiltration of both lobes by 
lymphosarcoma. This was especially heavy 
around the lesser bronchi. All lymph nodes 
were negative. 

'The patient received postoperative irradia- 
tion elsewhere and was last heard from on May 
1, 1959 at which time she was well. 


Case iv. N.G., No. 132-866, a fifty-six year 
old female, gave a history of having had 
pleurisy in 1937. In 1943 she had had pneu- 
monia and pleurisy in the left lung and 1n 1944 
pneumonia in the right lung. Since that time 
she had been bothered with numerous "chest 
colds.” In November, 1955, a mobile survey 
roentgenogram revealed changes of bilateral 
apical tuberculosis. She was hospitalized, 
treated with INH and PAS with rapid clearing 
of the lesions and was discharged in August, 
1956. About eight months later, she noted the 
onset of dyspnea on exertion and a feeling of 
tightness in her chest. A roentgenogram re- 
vealed a lesion in the right lung. Repeat exami- 
nation one month later was reported to show 
an increase in the size of this lesion. She was 
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admitted to University Hospital on May 19, 
1957. 

Positive physical findings were limited to 
the chest. Routine laboratory studies were 
negative except for a hemoglobin of 11.5 gm. 
A roenrgenogram of the chest on May 17, 1957 
(Fig. ga revealed a mass extending into the left 
upper lobe from the hilus. A second mass was 
present in the peripheral portion of the right 
middle lobe. This second lesion appeared to be 
cavitary. Bilateral apical pleural scarring was 
presens. On laminagrams (Fig. 10, -f and B) 
the leit upper lobe lesion could not be sepa- 
rated trom the hilus, althouga it appeared to 
involve lung parenchyma. Entarged lymph 
nodes were not identified. Air filled bronchi 
could be seen within the mass. A cavity was 
definitely present in the right lung lesion. Left 
scalere lymph node biopsy revealed only 
hyperplastic lymph nodes and no neoplasm. 
On May 31, 1957, the patient was broncho- 












Vic. 9. Case iv. Left hilar mass and excavated scoped. Using the right angle lens, the orifice of 
nodule in right middle lobe. the left upper lobe bronchus appeared to be re- 


Vic. ro, Case tv. (4) Laminagram through the leit hilar mass. (B) Laminagram through 
the right middle lobe showing excavated nodule. 
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duced to a slit. The mucosa appeared normal 
and the narrowing was thought to be due to ex- 
trinsic pressure. Biopsy of the mucosa near 
this bronchial orifice was reported as showing 
two small collections of markedly hyperchro- 
matic cells which raised the possibility of car- 
cinoma, although this diagnosis could not be 
definitely made. 

Right thoracotomy was done on June 3, 
1957. A rounded, somewhat soft lesion, 2.5 cm. 
in diameter, was found in the right middle lobe. 
The pleura overlving the lesion was grayish- 
white in color. X wedge resection was per- 
formed. Microscopic examination revealed 
lymphosarcoma. 

The patient was given postoperative radia- 
tion therapy. Arterior and posterior right and 
left chest fields were used, each field measuring 
14X11 cm. The factors were: 220 kv., half 
value layer 1.5 mm. copper and focus skin dis- 
tance so cm. A cose of 1,625 r measured in air 
was delivered to each field over twenty-six 
days. There was a marked decrease in the size 
of the left hilar lesion following irradiation. 
Clinically, the patient was definitely improved. 
Three months later she began to notice some 
shortness of breath and substernal discomfort. 
Roentgenograms of the chest showed bilateral 
parenchymal abnormality and a second course 
of radiation therapy was administered, 1,200 r 
in air being delivered to each of the four chest 
fields. There was slight improvement in symp- 
toms following this. One month later she began 
to vomit and her condition deteriorated appre- 
clably. 

On December 12, 1957 she was re-admitted 
to this hospital with severe dyspnea at rest and 
a temperature of :o3?F. She complained of 
Hetermittent chest pain and cough productive 
of a thick, mucoid sputum. There was no 
hemoptysis and no clubbing of the Angers. A 
chest roentgenogram made at this time (Fig. 
11) revealed an increase in the size and extent 
of the bilateral parenchymal infiltrations since 
the previous roentgenogram made two months 
before. She was given a course of intravenous 
nitrogen mustard with minimal relief from her 
symptoms. The patient died on January 26, 
1958. An autopsy was not performed. 


Case v. B.L., No. 786-529, a fifty-seven 
vear old male, was admitted to University 
Hospital on June 6, 1954. In February, 1953 he 
"caught a cold" and noted chills and fever and 
ease of fatigue. It was felt that he had lobar 
pneumonia and pleurisy, and he was treated 
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Vic. 11. Case rv. Extensive bilateral spread 
found five months after irradiation. 


with penicillin and streptomycin with relief of 
his symptoms. Review of a ches: roentgeno- 
gram made at that time showec a large left 
pleural effusion obscuring the lower left lung 
and displacing the mediastinum to the right. 
One month following treatment, he began to 
notice ease of fatigue and some shortness of 
breath. "Taoracentesis was performed three 
times and fluid was removed at each tapping. 
In August, 1953, because of increase of his 
symptoms he was hospitalized elsewhere for six 
months. He was finally advised to have an 
operation which he refused. He went back to 
work but was forced to return to a hospital be- 
cause of his extreme weakness, 

Physical findings were limited to the lungs. 
Routine laboratory tests and skin tests were 
negative. A roentgenogram of the chest on ad- 
mission (Fig. 12) showed a large, hemispherical 
mass with an irregular margin in the postero- 
basal segment of the left lower Jobe. On lateral 
projection the posterior costophrenic sulcus 
was obliterated. In view of the previous roent- 
genograms, this was thought to represent a 
loculated pleural effusion. Thoracentesis was 
performed on the following day and 300 cc. of 
serosanguineous fluid was removed. Chest roenr- 
genograms following the tapping showed no 
change in the appearance of the mass. 

On June 28, 1954 a thoracotomy was done 
with the object of draining the empyema. A 
6 cm. incision was made along the left tenth 
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Vic. 12. Case v. Large mass found at 
left base posteriorly. 


rib posteriorly and a portion of the rib was re- 
moved. The parietal pleura in the region was 
1 to 2 em. thick and shaggy but not fibrotic. 
In the pleural space 300- $00 cc. of turbid fluid 
fas found. Finger palpation of the lung that 
fitted into the mediastinal portion of the poste- 
rior costophrenic sulcus showed it to be firm and 
to contain less air than the lung laterally. It was 
felt that this was due to the prolonged collapse 
of the lung. A rubber drain was placed in the 
costophrenic sulcus and the chest was closed. 
Microscopic examination of the pleural fluid 
revealed leukocytes, fibrin and serosal lining 
cells, but no malignancy. Operative biopsy of 
the pleura showed heavy subpleural infiltrates. 
There was no evidence of inflammatory reac- 
tion on the pleural surfaces. The patient did 
well postoperatively and was discharged, the 
diagnosis being sterile empyema following 
antibiotic therapy. 

In August, 1954 a follow-up examination 
showed some increase in the size of the mass on 
chest roentgenograms. There also appeared to 
be some abnormality in the lingular portion of 
the left upper lobe. A bronchogram showed in- 
complete filling of the posterobasal branches 
with shortening and tapering of these bronchi 
(Fig. 13.7). Bronchoscopy was negative. The 
patient’s chest was tapped posteriorly and 4 
cc. of straw colored fluid was obtained. An 
operation was advised but the patient refused. 
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He was well until May, 1957 when, following 
an upper respiratory infection, he noted some 
shortness of breath and a cough productive of 
grayish sputum which occasionally 
streaked with blood. He was re-admitted to 
the hospital. Physical examination revealed no 
lymphadenopathy; the liver and spleen were 
not palpable. Chest roentgenograms showed 
considerable increase in the size of the mass 
and a ‘eft pleural effusion was present. On 
September 24, 860 cc. of fluid was removed 
from the left pleural space. Microscopic ex- 
amination was negative for malignant cells. A 
left scalene fat pad biopsy showed reticuloendo- 
thelial hyperplasia of the lymph nodes but no 
malignancy. Bronchograms made at this time 
demonstrated the increase in the size of the 
pulmorary and further shortening, 
taperinz and displacement of the bronchi when 
compared with the examination three years 
previously. The disease process appeared to in- 
volve the peripheral bronchi initially, then 
proceeded towards the hilus (Fig. 135). 

Thoracotomy was done on October 10, 1957. 
On entering the thoracic space it was noted 
that the lower lobe was completely adherent to 
the parietal wall. Over the lingula anteriorly 
were only a few adhesions. The lower lobe was 
represented by a bulky mass of firm tissue and 
even an extrapleural plane could not be estab- 
lished. The mass was freed by finger dissection. 
A left lower lobectomy was performed. Several 
enlarged lymph nodes were found near the 
hilus. Examination of the removed lobe showed 
it to be filled with r-2 cm. of tan colored, 
rubbery nodules which became confluent in 
places. One large mass, measuring 21X 14 cm. 
was composed of this tissue, which micro- 
scopically was lymphocarcoma with extensive 
invasion of the peribronchial tissues and inter- 
alveolar septa. Then neoplasm extended along 
the major lobar bronchus and almost com- 
pletely infiltrated its wall. The removed lymph 
nodes were all involved. 

The patient had several complications arising 
from the surgery and required 
thoracenteses, all of which were negative for 
malignant cells. He hac 
hemoptysis immediately 
Postoperative irradiation 
1sXi2 cm. anterior and posterior left chest 
fields. The factors were 220 kv., half value 
layer 1.5 mm. Cu and a focus skin distance of 
soem, A total of 1,875 rin air was given to each 


Was 


lesion 


numerous 
several episodes of 
after the operation. 
was given through 
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Vic. 15. Case v. Gf) Bronchogram showing patency of bronchi in region of mass. (B) Increase in mass 
over three vear pericd with further tapering and displacement of bronchi. 


held over a period of eighteen days. The pa- 
tient was last heard from in March, 1959, at 
which time he was well. 


CLINICAL FEATURES 

In 39 cases of primary pulmonary lym- 
phosarcoma, 5 of which are reported here 
and 34 collected from the literature, the 
average age at the time of diagnosis was 
$1.9 vears, the range being from thirty-four 
to seventy-five vears. There were 16 males 
and 22 females, a ratio of about 3:4. Three 
of this group were Negroes, the remainder 
were Caucasians. 

There is no definite symptom complex 
associated with this disease. Almost one- 
third of the patients were completely 
asymptomatic, the pulmonary lesion first 
being detected on survey chest roentgeno- 
grams or at the time of examination for 
complaints not referable to the respiratory 
tract. The most common symptom was 


cough usually productive of small amounts 
of mucoid sputum. This was present in 23 
of 38 patients. Hemoptysis occurred in 6 
eases and was in the form of pinkish or 
blood streaked sputum. Massive hemopty- 
sis was not encountered. Chest pain usually 
localized to the side of the lesion was noted 
by 11 patients. This was generally of an 
aching nature; the pleuritic-type pain being 
less common. Three patients were first seen 
because of pain in the shoulder ard in each 
case the lesion was in the upper lobe on the 
same side. 

Physical examination, except for findings 
related to the chest, was negative. If 
lymphadenopathy, hepatomegaly or sple- 
nomegalv are present, the pulmonary in- 
volvement is most likely secondary to gen- 
eralized Iymphosarcomatosis. Two patients 
had clubbing of the fingers. In a case de- 
scribed by Cooley ef aZ, the lesion had a 
large central cavity and pleural effusion 
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was present, while in our Case 1 there was a 
previous history of pneumonia and pleu- 
risy. It is felt that the clubbing is not due to 
the lymphosarcoma per se, but to the ac- 
companving infection. 

A history of recurrent episodes of pneu- 
monitis or upper respiratory tract infec- 
tions was definitely more common among 
the patients with pulmonary lymphosar- 
coma than would be expected in the aver- 
age population. 

Routine laboratory studies are generally 
normal. An occasional patient may have a 
moderately low hemoglobin or elevated 
erythrocyte sedimentation rate, but these 
are of no diagnostic value. 

PATHOLOGY 

There is abundant lymphoid tissue in the 
normal lung. The bronchial mucosa is in- 
filtrated with lymphocytes and may con- 
tain lymphoid follicles. Lymphoid tissue ex- 
tends as far peripherally as the alveolar 
ducts. Accumulations of lymphocytes and 
lymph channels are present in the adven- 
titia of the arteries and veins in the lung, in 
the pleura and interlobar connective tis- 
sue. As with lymphoid tissue elsewhere in 
the body, these foci may undergo lympho- 
sarcomatous change. 

Lymphosarcoma in the lung is essentially 
an infiltrative process. The principal mode 
of spread of the tumor is by contiguous 
growth. The peribronchial lymphoid tissue 
is commonly involved, but the tumor tends 
to grow away from, rather than into, the 
bronchial lumen. The malignant cells may 
penetrate almost the entire thickness of 
the bronchial wall, in some cases destroying 
the bronchial cartilages;!! submucosal col 
lections of lymphosarcoma cells are com- 
monly seen, but it is rare for the bronchial 
mucosa to be ulcerated. Such ulceration was 
found in 4 of the 39 cases and in only one of 
these (Hall and Blades,” Case 1) was there 
sufficient intrabronchial growth to produce 
obstruction. The blood vessels are affected 
in a like manner. In almost every case re- 
port, the patency of the bronchi and blood 
vessels within the tumor is commented on. 
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As the tumor infiltrates the interalve- 
olar septa, the cellular accumulation pro- 
duces marked thickening of these struc- 
tures. Eventually, adjacent septa become 
so swollen that the alveolar air space be- 
tween them is obliterated. It is extremely 
uncommon to find free lymphosarcoma 
cells within a recognizable alveolus. As the 
disease progresses, there is gradual loss of 
the pulmonary architecture so that in the 
more advanced stages the tumor appears to 
consist solely of lymphosarcomatous ele- 
ments, the normal pulmonary tissue having 
been completely destroyed. 

The tumor is not encapsulated although 
a rim of compressed normal lung may sur- 
round it. Microscopically, the borders of 
the tumor are not distinct because of the 
multiple small extensions of malignant cells 
into the adjacent septa. The pleura seems 
to ofer no barrier to the growth of the 
lymphosarcoma, and contiguous lobes and 
pleural surfaces are usually involved. 

Metastases probably occur late in the 
course of the disease and may represent 
hematogenous or lymphogenous spread. 
The most common site of secondary in- 
volvement is the hilar and mediastinal 
lymph nodes. Cases have been reported of 
metastases to the skull," spine, ribs,!?*! 
liver,™ lung, submaxillary gland,* and 
parotid gland. In our Case v it is felt that 
the cavitary lesion in the right lung prob- 
ably represented a metastasis and the bi- 
lateral pulmonary disease leading to the pa- 
tient’s death was most likely spread of 
lymphosarcoma. 

Two cases have been reported which pos- 
sibly represent multiple primary sites in the 
same patient. In the case of Beck and 
Reganis? two years following lobectomy 
for primary lymphosarcoma of the lung, 
gastroscopic diagnosis of lymphosarcoma 
of the stomach was made and a gastric re- 
section performed. The patient was last re- 
ported well and without evidence of disease 
five and one-half vears following lobec- 
tomy. The patient reported by Justin- 
Besancon ef al originally had bilateral 
lymphosarcoma of the lung which was 
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treated by radiation therapy. She did well 
for five years and then developed an antral 
ulcer which was found to be lymphosar- 
comatous at the time of gastrectomy. Sub- 
sequently, she had involvement of the ileum 
and recurrence of the sarcoma in the lung 
and died eight years after the original diag- 
nosis was made. 

The microscopic pathology of primary 
lymphosarcoma in the lung is identical with 
that of generalized lymphosarcoma. In 
most of the cases, the tumor was composed 
of mature lymphocytes with few mitoses 
being seen. In a few of the cases, the cells 
appeared to be less mature and were de- 
scribed as lymphoblasts. 


BRONCHOSCOPIC FINDINGS 


Bronchoscopic findings are known in 29 
cases. In 12 they were completely normal. 
In one case an ulcerating lesion was seen 
which proved to be lymphosarcoma by 
biopsy. In a second case, biopsy of an in- 
tact friable mucosa revealed a collection of 
malignant cells submucosally which were 
felt to represent either small cell anaplastic 
carcinoma or lymphosarcoma. These are the 
onlv 2 cases in which the correct diagnosis 
was made preoperatively. Some mucosal 
abnormality in the region of the bronchus 
from the involved lobe was found in 6 other 
patients. This generally was an area of 
granularity or edema and hyperemia. In 
most of these, biopsy revealed onlv inflam- 
matory tissue. Nine cases showed evidence 
of extrinsic pressure on a bronchus with- 
out mucosal involvement. 

Examination of the sputum and bronchial 
washings were negative in 11 of the 14 cases 
in which it was reported. In 3 cases, malig- 
nant cells were found, but their tvpe could 
not be identified. 


ROENTGEN FINDINGS 


Primary lymphosarcoma of the lung ap- 
pears on chest roentgenograms as a ho- 
mogeneous mass, often occupying an entire 
lobe. There is no apparent predilection as 
to the lobe involved: 11 of 39 cases were in 
the left upper lobe, 9 in the right lower lobe, 
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6 n the left lower lobe, 6 in the right upper 
lobe and 3 in the right middle lobe. Four 
cases showed bilateral lung involvement at 
the time the diagnosis was made. In all 
cases the mass was sizable when first de- 
tected, the smallest lesion being 3 cm. in 
diameter. The tumor tends to develop in 
the hilar portion of the lobe rather than 
peripherally, probably because of the 
greater concentration of lymphoid. tissue 
around the larger bronchi. 

On roentgenograms the mass is usually 
well demarcated from normal lung, al- 
though its margins are somewhat hazy and 
irregular because of small exteasions into 
the surrounding alveolar septa. As obstruc- 
tion of the major bronchi almost never oc- 
curs; significant atelectasis is rarely seen. 
The infiltration and enlargement of the 
interalveolar septa with obliteration of the 
alveoli produce the roentgen picture of con- 
solidation with minimal, if anv, loss of lung 
volume. The bronchi remain patent and 
traverse the mass so that in some cases an 
air bronchogram may be seen (Fig. 5, 8 
and 13.7). 

Pleural involvement was commonly 
noted at the time of thoracotomy in our pa- 
tients, the lymphosarcoma fusing the vis- 
ceral and parietal layers. Despite this, 
pleural effusion in these cases is rare. Such 
an effusion was present in one of our pa- 
tients (Case v) and in 3 reported in the 
literature. Microscopic examination of the 
fluid revealed malignant cells in only one 
case (Sternberg et al ,? Case 6). 

In only one of the reported cases has the 
lesion shown some suggestion of calcifica- 
tion within the mass (Grimes ef a/.," Case 
2). In 3 of the remaining 38 cases there was 
cavitation within the tumor. Case 3 in the 
series of Sternberg ef al’ had a cavity 
measuring 7 cm. in diameter, the walls be- 
ing formed by necrotic tumor tissue. A 
smooth-walled cavity, 8 cm. in diameter, 
was present in Case § reported by Cooley 
et al” There was a smaller cavity in the 
right lung lesion in Case 1v of our series 
(Fig. 108). In one case, multiple small 
bronchiectatic cavities were found within 
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the mass on pathologic examination.?? Be- 
cause of the frequent respiratory infections, 
pneumonic changes in the lungs may ob- 
scure the underlying neoplasm, which will 
then becpme evident following treatment 
with antibiotics. Hilar or mediastinal 
lymphadenopathy was not present roent- 
genographically in any of the cases. 

Information concerning bronchography 
is available in g cases. Three were normal 
and one showed incomplete filling of the 
bronchi of the involved lobe. In the re- 
mainder there were distortion and com- 
pression of the segmental bronchi, giving 
them a tapered appearance in the region of 
the tumor. Involvement of the bronchi be- 
gins in the smaller peripheral branches and 
proceeds centrally (Figs. 13, Æ and B). 
Even when the mass becomes large enough 
to displace and stretch the bronchi, signifi- 
cant bronchostenosis and atelectasis are 
rare. In one case,” submucosal collections 
of lymphosarcoma cells produced an irregu- 
larity in the contour of the bronchi on the 
bronchogram that was suggestive of the 
changes of chronic bronchitis. 


DIFERENTIAL DIAGNOSIS 


The preoperative diagnosis in most cases 
of pulmonary lymphosarcoma was bron- 
chogenic carcinoma. The roentgen findings, 
particularly if bronchography is performed, 
show some differential points. The lympho- 
sarcomata in this series were all large when 
first detected and most of them were in the 
hilar portion of a lobe. It would be ex- 
tremely rare for a bronchogenic carcinoma 
in this location to attain such size without 
obstructing the bronchus and producing 
distal atelectasis. Wilt e£ 47.39 reviewed the 
bronchograms of 236 patients with bron- 
chogenic carcinoma of all types. A bronchial 
block was demonstrated in almost go per 
cent of the patients, and in 213 cases the 
bronchogram was considered to be diag- 
nostic of carcinoma. The clinical features of 
the two diseases are considerably different 
in most cases. Bronchogenic carcinoma usu- 
ally grows more rapidly, hemoptysis is a 
more constant and striking feature, and 
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histologic examination of the sputum will 
often show malignant cells of a specific na- 
ture. 

Solitary pulmonary lesions do occur in 
generalized lymphosarcomatosis. Atelecta- 
sis distal to the lesion is rarely encountered 
and major bronchostenosis will be the ex- 
ception to the rule. The distinction be- 
tween primary and secondary involvement 
of the lungs depends on the presence or ab- 
sence of lymphosarcoma elsewhere in the 
body. In most cases this cannot be defi- 
nitely determined except at the time of 
autopsy or if there is long-term survival 
following local treatment of the pulmonary 
lesion. 

Alveolar cell carcinoma arises in the 
terminal bronchiolar or alveolar epithelium 
and produces a true consolidation of lung 
by filling the alveoli with tumor cells. This 
can present on chest roentgenograms as a 
solitary mass which may be indistinguish- 
able from lymphosarcoma. In some cases 
bronchograms will show evidence of a 
block, but in others the bronchogram will 
be normal. Over 70 per cent of patients 
with alveolar cell carcinoma will complain 
of cough and in an appreciable number this 
will be productive of a glairy, mucoid 
sputum. Only 7 in a series of 154 patients 
were asymptomatic." Papanicolaou!® has 
noted that this tumor exfoliates freely and 
abundant cells may be recovered from the 
sputum that are characteristic of this type 
of neoplasm. Watson and Smith® studied 
the sputum of 15 patients with alveolar cell 
carcinoma. Malignant cells were found in 9 
cases and cells strongly suggestive of cancer 
in another 3. Roelson e al.” found positive 
sputa in 5 of 8 patients studied. 

Lobar pneumonia produces consolidation 
without atelectasis, but the acute clinical 
history and symptoms are characteristic 
and it is unlikely that this would be con- 
fused with lymphosarcoma. This is not 
true in the cases of chronic pneumonitis 
such as lipoid pneumonia. The most com- 
mon roentgen finding in lipoid pneumonia 
is that of bilateral interstitial pneumonitis. 
Occasionally, the disease may be localized 
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and appear as a single mass on chest roent- 
genograms. The right middle and lower 
lobes are the most common sites of involve- 
ment. The usual bronchographic findings 
show obstruction of the terminal bronchi- 
oles? not unlike that seen with primary 
pulmonary lymphosarcoma. In the excep- 
tional case, blockage of a major bronchus 
may occur with lobar atelectasis. In the 
majority of patients, a history of chronic oil 
ingestion will be obtained and, in some, 
intracellular oil in the desquamated cells 
in the sputum will be demonstrated. Hall 
and Blades? report the use of a trial of 
irradiation to differentiate lipoid pneu- 
monia from lymphosarcoma. 

Pulmonary infarction produces an area 
of consolidation because of the outpouring 
of fluid and cells into the alveoli. Infarcts 
may reduce the lung volume, but atelectasis 
is not a prominent feature. A history of sud- 
den chest pain, hemoptysis and shortness 
of breath are characteristic but not present 
in all cases. Roentgenograms of the chest 
made over a period of several weeks will 
differentiate this from primary ly mphosar- 
coma. An infarct always extends to at least 
one, and often two, pleural surfaces; pleural 
effusion occurs in 13 to 40 per cent of pul- 
monary infarctions;" serial examinations 
will show diminution in the size of the 
infarct as it is organized and absorbed. 


TREATMENT AND PROGNOSIS 


Two of the 38 patients about whom in- 
formation is available received no therapy, 
since the diagnosis of lymphosarcoma was 
made at the time of autopsvy.?^? Four pa- 
tients were considered to be inoperable be- 
cause of the local extent of their disease. 
There was no evidence of distant metas- 
tases in any of these patients. All were 
treated bv irradiation alone. Two died of 
metastatic lymphosarcoma within two 
vears (Hall and Blades," Case 1 and 3), one 
died of recurrent lymphosarcoma in the 
lungs eight vears after treatment," and one 
patient, our Case 1, is living and. well nine 
vears and ten months after therapy. 

Pneumonectomy was performed in 13 
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cases with one death due to postoperative 
complications. Three of these patients re- 
ceived postoperative irradiation: 2 are 
alive and. well but have been followed for 
less than five years (Grimes er a/.,"' Case 1; 
and Cooley ef al.” Case 3), and the third 
died fourteen years postoperatively with- 
out postmortem examination. Of the g pa- 
tients treated by pneumonectomy only, 5 
died within five years, 4 presumably from 
their. lymphosarcoma (Van Hazel and 
Jensik," Case 1; Sternberg ef a/.,°° Case 4; 
Cooley et afl.” Case $; and Weissman and 
Christie*’), The fifth patient was autopsied 
and no evidence of Ivmphosarcoma was 
found ( Rose,? Case 2). One patient is alive 
and has been followed for less than five 
vears,? 2 are alive at six and seven vears re- 
spectively (Hall and Blades, Case 2; and 
Grimes et al., Case 2), and the last patient 
had two recurrences in the lung treated by 
irradiation. He died of coronary occlusion 
thirteen years and nine months after treat- 
ment.!* 

Eighteen patients had one or two lobes 
removed. One patient died five weeks post- 
operatively from a cerebrovascular acci- 
dent.” Seven of these patients had postop- 
erative irradiation: § are alive and well less 
than five years (Cooley er a7.,? Case 1; Ergin 
and Kemler; Sternberg e a/.,"° Case 5; 
authors’ Case mi; and authors’ Case v), 
one is alive at eight and one-half years with 
known disease in the lung and hilar lymph 
nodes! and the seventh patient has had sev- 
eral additional courses of radiation therapy 
and is alive at twelve vears.?? Of the re- 
maining 11 patients, one died three and 
one-half years postoperatively from tu- 
berculosis, the status of his lymphoma not 
being known (Sternberg et a/.,*° Case 3). 
Five patients are alive less than five years 
(Rose, Case 1; Spatt and Grayzel;?* Stern. 
berg et al ° Case 5; and Van Hazel and 
Jensik,* Case 3 and 7), and 5 are alive from 
five to ten vears (Schulze; Van Hazel and 
Jensik,? Case 4; Beck and  Reganis;? 
Anlvan ef a/.3 and authors’ Case 11). One 
of these patients developed a hilar mass 
four vears after lobectomy which was irra- 
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diated,’ and a second has known disease in 
the lung and hilar lymph nodes at eight and 
one-half years.* 

Case 1v in this report had one lesion re- 
moved by wedge resection and a second 
treated with irradiation. She died five 
months postoperatively. 


COMMENT 


Primary lymphosarcoma of the lung is a 
slow growing tumor and widespread dis- 
seminatlon is uncommon. Two patients 
(authors! Case 111; and Schulze?) had been 
observed for five years without treatment 
before surgery. In both cases, the lesions en- 
larged slightly over this period. Lobectomy 
was performed and both are alive and well 
two and one-half vears after operation. The 
mistake in each case, leading to the delay 
in treatment, was to consider the lesion 
nonmalignant because of the patent bronchi 
within the mass. 

Bronchoscopy has not been of much as- 
sistance in establishing the diagnosis pre- 
operatively. It has been shown in cases of 
bronchogenic carcinoma that biopsy of 
normal appearing mucosa may reveal sub- 
mucosal infiltration by malignant cells.” 
As lymphosarcoma is frequently found be- 
neath the bronchial mucosa, it is possible 
that blind biopsies of the bronchus leading 
to the involved segment may contribute 
more positive findings. 

Chest roentgenograms may be mislead- 
ing when attempting to assess the extent of 
lung involvement. In many of the cases 
adjacent lobes, pleura or mediastinum have 
been involved, although the lesion ap- 
peared on roentgenograms to be a fairly 
well localized mass. Robbins? has noted 
that at times the pathologist finds lym- 
phomatous foci in the lung as large as 1 cm. 
in diameter which were not seen on roent- 
genograms. When the hilar or mediastinal 
lymph nodes are involved, they are usually 
not sufficiently enlarged to be recognized 
roentgenologically. 

Adequate follow-up of a sufficient num- 
ber of cases is not available to enable us to 
evaluate the. various forms of treatment. 
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At present, the definite diagnosis of lym- 
phosarcoma is generally made at the time of 
thoracotomy. If the lesion is considered re- 
sectable, lobectomy or pneumonectomy 
seems to be the reasonable mode of treat- 
ment. However, because of the microscopic 
spread of the tumor, the inability of the 
surgeon to always recognize lymph node 
involvement (our Case 11), and the radio- 
sensitivity of lymphosarcoma, postopera- 
tive irradiation of the lung and mediasti- 
num seems to be indicated. 


SUMMARY 


I. Primary lymphosarcoma of lung is a 
relatively rare lesion presenting as a mass 
in the lung, but is a distinct entity with 
some characteristic roentgen findings which 
are of diagnostic value. 

2. Five new cases, histologically proved, 
are added to the 34 cases previously re- 
ported in the literature. 

3. Approximately one-third of the 39 pa- 
tients discussed had no symptoms. In the 
remaining two-thirds, cough, hemoptysis 
and chest discomfort were the most fre- 
quent findings. Recurrent pneumonitis was 
common. 

4. Bronchoscopy was normal in 12 of 29 
cases. Extrinsic pressure, granularity with 
inflammatory changes, friable mucosa or 
ulceration may be seen. Biopsy of appar- 
ently normal mucosa in the involved seg- 
ment is suggested to find possible submu- 
cosal involvement in a greater number of 
cases. ^ 

5. Sputum and bronchial washings were 
negative for malignant cells in 11 of 14 
cases so studied. 

6. Roentgen findings are a homogeneous 
mass, more centrally than peripherally lo- 
cated, without hilar or mediastinal involve- 
ment, and possibly showing slow growth if 
observed over a long period of time. Atelec- 
tasis is rare; patent bronchi may be dem- 
onstrated by the “air bronchogram" or by 
contrast bronchography. 

7. The roentgen appearance and clinical 
course frequently can be differentiated 
from those of bronchial carcinoma, alveolar 
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cell carcinoma, lobar pneumonia, lipoid 
pneumonia and pulmonary infarction. 

8. Pulmonary resection, if feasible, with 
postoperative irradiation, and primary 
irradiation if thoracotomy demonstrates 
nonresectability, constitute the treatments 
of choice. 


Murray G. Baron, M.D. 
The Mount Sinai Hospital 
11 E. roo Street 

New York 29, New York 
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ACCESSORY DIAPHRAGM 


A CA 


SE REPORT 


By GORYUN NIGOGOSYAN,* and AHSEN OZARDAT 


BUFFALO, NEW YORK 


N ACCESSORY 
anomaly, 
diaphragm which is located in the right 
chest cavity and separates all or part of the 
lower lobe from the remaining lung. Two 
cases have been reported in the current 
medical literature, and we are adding a 
third case. 


diaphragm, a rare 


REPORT OF A CASE 


A fifty-seven year old white woman died 
from ascending pyelonephritis resulting from 
ureteral obstruction by scar tissue twenty-one 
years after a squamous cell carcinoma of the 
cervix had been treated by radium. 

As a wholly unrelated finding, an accessory 
diaphragm was found in the right hemithorax. 
This diaphragm was situated in the oblique 
fissure and formed a posterolateral pouch in 
which the right lower lobe was contained. Its 
insertions were medially the pericardium; an- 
teriorly the diaphragm, about 3-4 cm. from 
its anterior insertion; laterally the chest wall 
starting at the level of the seventh rib, and 
posteriorly the chest wall at the level of the 
fifth rib near the spine. Its course followed the 
oblique fissure, thus it had formed a postero- 
o pouch in the right thoracic cavity (Fig. 

1, Æ and B). 

The bronchovascular elements were normal 
in their origin and distribution. However, those 
fo the right lower lobe passed through the ac- 
cessory diaphragm by way of a 2X3 cm. semi- 
lunar opening located near the mediastinum. 
The leaf was composed of connective tissue 1 
mm. thick except at the rim of the mediastinal 
opening where it was approximately 2-3 mm. 
thick and contained skeletal muscle all along 
the free edge. The true diaphragm showed nor- 
mal structure, location and attachment. 

In addition to this diaphragmatic anomaly, 
the right lung showed minor abnormalities. Two 
supernumerary lobes, about 2.5 cm. in length, 
arose from the apex of the right lower lobe and 


consists of a second leaf of 


E] accessory HAPHRAGM 


OPENING FOR 
VASCULAR STRUCTURES 


LATERAL 
SURFACE 





A MEDIASTINAL SURFACES OF RIGHT LUNG 





LATERAL VIEW 
B OF LOWER LOBE OF RIGHT LUNG 


Fic. 1. (A and B) Diagrams of the accessory dia- 


phragm and its relation to the right lung. 


were incompletely separated from the lower 
lobe by shallow fissures. The right lower lobe 
did not show any bronchiectasis, fibrosis or 
other pathologic findings. The left lung was not 
remarkable. 

Roentgenographically, the right diaphragm 
was elevated and the oblique Pu was ac- 
centuated and thickened (Fig. 2, 4 and B). 
Anteriorly, the right diaphragm was about 
4.5 cm. higher than the left. The contour of the 
diaphragm was regular. The oblique fissure was 
shown clearly as a band-like soft tissue shadow 
between the fifth and sixth ribs in the inter- 
costal space. Anterolaterally, the same fissure 
was seen as a linear density at the upper margin 
of the fourth rib. 


* Formerly, a resident in Pathology at Roswell Park Memorial Institute. Present address: Harper Hospital, Department of Pathol- 
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Fic. 2. (4 and. B) Posteroanterior and lateral roentgenograms showing clevation of the right diaphragm 
and thickening of the oblique fissure. 


DISCUSSION 


Foraroentgenologic differential diagnosis, 
the findings of an elevation of the right dia- 
phragm and thickening of the oblique fis- 
sure without evidence of any other lesion in 
the right chest indicate that an accessory 
diaphragm must be considered, especially 
when the patient has been followed for a 
long period of time without any change in 
the roentgenographic appearance. 

We have been able to find two reports in 
the literature that give findings with minor 
differences but similar to those presented in 
this report. Drake and Lynch? discussed 
the case of a twenty-six vear old male 
where only a small part of the right lower 
lobe was found in the pouch formed by the 
accessory diaphragm. In the patient of 
Sappington and Daniel? a seven vear old 
girl, an accessory diaphragm separated the 


right lower lobe from the upper lobe, as 
was noted in our patient. 

It is noteworthy that, in the 2 reported 
cases, bronchiectasis of the right lower lobe 
led to lobectomy. Our patient, on the other 
hand, showed only supernumerary lobes. 
The absence of bronchiectasis in our case 
may be explained by the anatomic findings; 
the accessory diaphram was composed of 
fibrous tissue and very little muscle. In the 
previous reports, both patients had acces- 
sory diaphragms that were muscular. Con- 
traction of the muscle probably caused in- 
complete aeration and intermittent ob- 
struction of the bronchioles with resulting 
infection and bronchiectasis. Since little or 
no muscle was present in the accessory dia- 
phragm of our patient, this mechanism did 
not function. 

A case reported by Allen! was related, 
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but not similar, to our case. It consisted of 
transpleural muscles between the sixth rib 
and the central tendinous part of the right 
diaphragm, situated in the oblique fissure. 
This represents an incomplete but muscu- 
lar accessory diaphragm. 
SUMMARY 
A case of accessory diaphragm is re- 
ported in a fifty-seven year old white fe- 
male. It consisted of a fibrous membrane 
separating the right lower lobe from the 
rest of the lung. Its roentgenologic appear- 
ance 1s briefly discussed. 


Accessory 


Diaphragm aii 
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HORIZONTAL LAMINAGRAPHY: A SUPPLEMENTAL 
DIAGNOSTIC METHOD IN TUMORS OF THE 
LUNG, ESOPHAGUS AND MEDIASTINUM* 


By HELMUT F. GATZER, M.D., and FRANZ P. LESSMANN, M.D. 


BUFFALO, NEW YORK 


 JORIZONTAL laminagraphy as a var- 

- iation of body section roentgenography 

provides an anatomic cross section of a 

patient in a horizontal plane at any desired 
level. 

Although the roentgenologic diagnosis of 

chest lesions is usually made on the basis of 


conventional posteroanterior and lateral 
roentgenograms, this method falls short in 
the evaluation of the mediastnum. The 
posteroanterior roentgenogram presents a 
superimposed view of the thoracic spine, 
vascular structures and sternum with the 
embedded trachea. Bulging of the margin 





Fic. 1. Case r A seventy-five year old white 
male was referred to the institute with the 
diagnosis of carcinoma of the esophagus in 
the mid-portion (7). Azygography showed a 
complete outlining of the azygos system 
with some minor indentation in the upper 
one third, not very conclusive for extrinsic 
pressure, but important enough to warrant 
further investigation. 

Horizontal laminagram (B and C), just 
below the bifurcation, does not show any 
signs of mediastinal lymph node involve- 
ment. 

At surgery, the tumor was completely re- 
sected, and no mediastinal lymph node in- 
volvement was found. 





* From the Department of Diagnostic Radiology, Roswell Park Memorial Institute, Buffalo, New York, 
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and alteration of the position and caliber amine the posterior mediastinum is the 
of the trachea are the only easily recogniz- azygos demonstration by intra-osseous in- 
able features. Additional information is Jection, 17212553! which was performed in 
gained with oblique views, Bucky studies, some of our cases. 

vertical laminagraphy, fluoroscopic exam- Horizontal laminagrams disclose the 
ination of the opacified esophagus and tho- spatial relationship and topography of the 


racic angiography. A further method to ex- mediastinal organs, lungs and pleura better 





Fic. 2. Case tt. In this sixty-five year old man with a carcinoma of the mid-esophagus, the conventional 
roentgenogram (7) of the chest shows a prominent left hilar mass suggestive of tumor or a prominent 
left pulmonary artery. u 

(C and D) Horizontal laminagram at the level just below the carina shows the pulmonary artery and 
particularly its left branch to be markedly enlarged. No hilar or mediastinal lymphadenopatny is seen. 
(B) Azygography demonstrates a patent azygos and hemiazygos system. 

At surgery the tumor was found confined to the esophagus. Pulmonary stenosis and post-stenotic 

dilatation of the left pulmonary artery were evident. 
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Fic. 3. Case us, A fifty-seven year old white 
male was referred to the hospital with the 
diagnosis of an oat cell carcinoma of the 
right upper lobe of the lung with extensive 
bilateral mediastinal involvement (7%). 

(B and C) With horizontal laminagraphy 
the spatial distribution of the huge medias- 
tinal mass extending to the inlet is well out- 
lined. In addition, old tuberculous changes 
in the posterior segment of the right upper 
lobe are seen. 


than the above mentioned methods and 
demonstrate more adequately otherwise 
obscured areas.” 

Stimulated by Kieffer“ of Norwich, Con- 
necticut, the first workable laminagraph 
was built by Watson,’ who was also the 
first to publish his findings. European in- 
vestigators such as Vallebona and co- 
workers,?35 Amisano and his colleagues,” 
Gebauer and Schanen,” and others" 
promoted this method and an extensive 
bibliography has accumulated since, par 
ticularly in the Italian literature." 775 

Roswit ef al.*®* and Wilk? in the United 
States contributed from their experience 
with this technique, and are impressed by 
its merits as a valuable tool in diagnosis 
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and in treatment planning. In their papers 
and in that of Stevenson,” the efficiency 
of this method is described and an explanh- 
tion of its physical principles is outlined. 

For horizontal laminagraphy, a special 
laminagraphic unit is required, consisting 
of a chair and a cassette holder which 
rotate simultaneously in the same direction 
at the same speed during the exposure. A 
number of suitable units of different Euro- 
pean makes are available. We used a lami- 
nagraph of our own construction which was 
built on the principles of commercially 
known units. 

The exposure of the roentgenographic 
film is made in an angle of incidence of 23° 
at a focus-film distance of 7} feet, during a 
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Fic. 3. Case i. (D-F) The control examina- 
tion after radiation therapy shows complete 
regression of the mediastinal mass. This was 
confirmed at autopsy three months later. 


complete revolution of patient and cassette. 
The thickness of the represented section is, 
according to Vieten,®” about 0.3 cm. and 
depends on the angle of the incident beam. 
The technical factors used are: 65-80 kvp., 
100 ma., 3 second exposure, high speed 
screens. The radiation dosage the patient is 
exposed to is 0.4 r (air) and has been con. 
siderably reduced with films and screens of 
increased sensitivity.?* Proper alignment 
of the unit and narrow collimation of the 
beam? determine the quality of the lamina- 
gram. Exposures with a partial rotation as 
advocated by Lindblom!’ increase detail at 
the expense of increased blur from adjacent 
structures. 

Horizontal laminagrams obtained in this 
fashion correspond with the descriptive 
cross section as used in an anatomic atlas.!° 
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They are free from distortion, and the blur 
effect commonly seen in conventional lam- 
inagrams is considerably less pronounced. 
Particularly dense structures in the vicinity 
of the represented section, however, can 
produce blur shadows and obscure the fine 
details which are known as “induced def- 
ormations, 77:5 Due to the tube-object- 
film distances, horizontal laminagrams 
show an enlarged image. The magnifving 
factor is constant for the set-up used, so 
that the actual size of any given structure 
can be measured with proportional calipers. 
Where life-size laminagrams are required, 
as for outlining and computing purposes in 
radiation. theraąpy™ 2222.3233 or for. the 
measurement of the volume of organs? 
reduction to normal size is possible. Differ- 
ent devices have been described for this 
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Fra. 4. Case rv. This is the case of a fifty-seven 
year old man with the clinical diagnosis of 
a left superior sulcus tumor (Z) confirmed 
by biopsy. 

(B and C) Horizontal laminagram at the 
level of D3-sternal notch shows a dense tu- 
mor mass about 8 em. in extension attached 
to the lateral thoracic wall. There are no 
definite signs of mediastinal involvement. 
Incidental findings are fibrotic changes in 
the right upper lobe with slight retraction 
of the trachea towards the right. Sections 
through the tumor bearing area serve for 
therapy planning. 


purpose. ® 39 We used a simple camera 
lucida which admits standard 14X17 
inch roentgenographic films. 

The level at which laminagrams were 
taken is readily identified by the structures 
reproduced on the film (bifurcation, sterno- 
clavicular joints, etc.). Wilk?* uses metallic 
rods of different lengths embedded in plas- 
tic material and fastened to the patient's 
chest wall. Other methods using similar 
devices are described." All of them help 
to determine the section level and to repeat 
identical follow-up roentgenograms. 

The present paper is published to report 
about our experience with horizontal lami- 
nagraphy. The objective of this investiga- 
tion was: (1) to determine the usefulness of 
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this method in tumors involving the lung, 
esophagus and mediastinum and (2) to 
study tumor extension and its differenti- 
tion from concurrent pathology. Our re- 
sults are based on the evaluation of 68 
cases of which all but 2 were proved histo- 
logically. The results from horizontal lam- 
inagraphy and conventional examination 
were correlated with the clinicopathologic 
findings. The patients submitted to this 
study were selected from a large number of 
cases treated in this institute. They repre- 
sented either diagnostic problems or were 
referred for cross section roentgenography 
through the tumor bearing area for radia- 
tion treatment planning and dosage cal- 
culation. 


Horizontal Laminagraphy 





Li. 5. Case v. This was a twenty year old white male with the di: gnosis of mediastinal Hodgkir's disease. 


Posteroantericr and Jateral chest roentgenograms (A and B) show huge bilateral mediastinal polycyclic 


masses, 
“and 
mediastinum with encroachment of the trachea. 





DISCUSSION 
The great number of different methods 
lesions of the chest and mediastinum show 
clearly the AIEE of this problem. Sev- 
eral investigators? 565? have shown the 
usefulness of horizontal laminagraphy as a 
complement to other roentgenographic pro- 
cedures. 


D) Horizontal laminagram reveals good outlining of 


developed for the differential diagnosis of 





f the mass in the 3 compartments of the 


In 27 cases of bronchogenic carcinoma, 
we have found that the tumor mass could 
be promptly differentiated from surround- 
ing atelectases and effusions by virtue of 
their different density. A shift of the 
mediastinum as well as hilar involvement 
was also wel! seen. In cases, distortion 
of the trachea due to extrinsic pressure and 
narrowing of its lumen was observed more 


Helmut F. Gatzek and Franz P. Lessmann 


FEBRUARY, 1961 





Fis. 6. Case vi. A forty-four year old housewife 
with the diagnosis of Hodgkin's disease had 
been treated with radiation therapy to vari- 
ous regions, including the mediastinum, four 
vears ago. At the time of this examination, 
the patient. was asymptomatic, However, 
the conventional posteroanterior roentgeno- 
gram (4) shows a well-defined, convex mass 
at the level of the right main bronchus ex- 
tending in a vertical direction. 

(B and C) Horizontal laminagram shows 
this mass with well.defined borders lving to 
the right of the esophagus, anterior to the 
thoracic spine and extending towards the 
vena cava superior. The diagnosis of a 
prominent azvgos vein was made, most 
likely due to postirradiation fibrosis. This 
was confirmed by azvgography. 


distinctly than by vertical laminagraphy. 
Three patients had the additional finding of 
cavity formation which in one case showed 
extension to the lateral pleural space not 
seen by vertical laminagraphy. 

In carcinomas of the esophagus, the 
choice of treatment is determined by the 
topographic relation of the tumor and the 
presence of lymph node involvement. Al- 
though the diagnosis is based on the con- 
ventional barium swallow and esophagos- 
copy, horizontal laminagraphy has shown 
to be an aid in analyzing the size of the 
tumor and its relation to adjacent struc- 
tures. Twenty-one cases with esophageal 
tumors were examined. In 12 cases, the 
lesion was confined to the upper third and 





in 8 of these a displacement and encroach- 
ment of the trachea were visible. Of course, 
in all the lesions, the exact extension of the 
tumor mass could be demonstrated. In 6 
cases of lesion of the mid-third of the esoph- 
agus, the determination of expansion in 
regard to the related structures, as pulmo- 
nary vessels, and the main bronchial svs- 
tem was found to be most valuable and of 
benefit for the treatment planning. It is 
our impression that in these lesions, hori- 
zontal laminagraphy is superior to all con- 
ventional methods. In the 3 cases with 
lesions of the lower third of the esophagus, 
the extent of the tumor was well demon- 
strated, but no additional information was 
obtained. Due to the absence of any dense 
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Fic. 7. Case vir. This white male, sixty-nine years of age, was admitted to the hospital for eva.uation and 
treatment of an anterior mediastinal mass. The anterior and upper borders of the tumor appear well 
defined and symmetric on the conventional roentgenograms (4 and B). Yet the extent of the mass in its 
posterior direction and its relation to the great vessels cannot be demonstrated with these procedures. 

(Cand D) Horizontal laminagram shows a well-delineated mass in the anterior mediastinum measuring 
about 9 cm. across, encompassing the ascending aorta, the superior vena cava and extending towards the 
trachea. No signs of hilar lymphadenopathy are present. 

At surgery a benign encapsulated thymoma was found. 


organic structures in the retrocardiac space, 
a tumor can be easily visualized in this 
area. An attempt was also made to study 
the barium-filled esophagus during the 
examination but was not very successful 
due to the considerable blurring of the 
heavy contrast medium. Stevenson?? has 
used a nasogastric tube filled with opaque 


material which gave him a satisfactorv 
orientation on the roentgenograms. Other 
authors!*? report in the Italian and French 
literature the usefulness of a pneumomedi- 
astinum during the examination which en- 
ables them to outline the outer esophageal 
wall. 

In the majority of mediastinal tumors, 
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Vic. 8. Case vir. This forty-three year old white housewife was referred to this institute with the diagnosis 


of Hodgkin's disease. 


(4 and B) Posteroanterior and lateral roentgenograms reveal numerous nodular infiltrations in both lungs 
and a slight bilateral mediastinal widening at the infraclavicular level. On the lateral roentgenogram, a 


wedge shaped compression of D4 is noted. 


(C and D) Horizontal laminagram taken at the level of the fourth dorsal vertebra reveals a well-delineated 
localized soft tissue mass engulfing this vertebral body in a U-like fashion, indicating the presence of a soft 
tissue mass. The mid. and anterior mediastinal compartments are normal. 


identification is readily made bv conven- 
tional roentgenographic procedures and 
horizontal laminagraphy does not offer 
significant additional information. How- 
ever, in Isolated cases with a differential 
diagnostic problem, a more comprehensive 
view of the three mediastinal compart- 


ments can be obtained. In che 20 cases 
studied with this method, important diag- 
nostic details could be attained. 

The appreciation of the appearance of 
the tumor, its boundaries, localization and 
sometimes its symmetry furnished diag- 
nostic clues in spine involvement and in 


thymomas. A prominent azygos vein could 
be differentiated from tumor recurrence. 
Because of the difference in densities be- 


tween solid tumor masses and areas of 


fibrosis and atelectasis, recurrent disease 
could be ruled out. Displacement and en- 
croachment of the trachea were more ac- 
curately outlined, especially by the obser- 
vation of changes in the size and the shape 
of the tracheal lumen. Another advantage 
of this method lies in the clinical and 
therapeutic follow-up of patients where 
control examinations carried out after 
chemotherapy or irradiation serve as an 
objective record in evaluating the change 
in size of a tumor mass. 


SUMMARY 


Horizontal laminagraphy as a supple- 
mental diagnostic method was employed to 


determine its usefulness in the evaluation of 


tumors of the lung, esophagus and medias- 


tinum. Sixty-eight cases were studied, of 


which 27 were bronchogenic carcinoma; 21, 
esophageal carcinoma and 20, ly mphomas. 
The findings are presented and correlated 
with the information gained by conven- 
tional roentgenographic procedures. Clear 
delineation of topographic-anatomic detail 
with this method permits detection of rela- 
tively minor deviations from normal. Not 
only are gross structures well outlined but 
the relationship of a tumor mass can be 
more adequately determined, making this 
procedure a valuable diagnostic aid in 
ctrtain cases. 


Franz P. Lessmann, M.D. 
Diagnostic Radiology 

Roswell Park Memorial Institute 
Buffalo 3, New York 
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X-RAY IMAGE INTENSIFICATION WITH A LARGE 
DIAMETER IMAGE INTENSIFIER TUBE* 


By WILFRID F. 


NIKLAS 


CHICAGO, ILLINOIS 


HEN x-rays penetrate an object, the 
local x-ray attenuation depends on 


both the thickness and atomic number of 


the elements forming the object under 
scrutiny. Thus, the intensity pattern in 
the x-ray beam after penetration of the 
test object contains information concerning 
the structure of the object. 

This structural information is generally 
made visible by a fluorescent screen con- 
verting the x-rays into visible light. The 
intensity pattern of the x-ray beam can 
now be recognized as a brightness pattern 
on the fluorescent screen. 

The x-ray doses used for medical applica- 
tion may not exceed certain limits, as 
otherwise physiologic and genetic damage 
results. This limitation, together with the 
relatively low intrinsic efficiency of x-ray 
sensitive phosphors, sets light levels on the 
fluorescent screen which are at best com- 
parable to the illumination of a landscape 
by the full moon. 

The observer of such a low brightness 
pattern is forced to utilize rod rather than 
cone vision, leading to decreased detail 
perceptibilitv. Thus, the observer is unable 
to perceive all information originally con- 
tained in the x-ray beam. 

While the physiologic limitation of the 
human eve inhibits the full utilization of 
the intelligence contained in the x-ray 
beam, a further physical limitation is repre- 
sented by the “quantum fluctuations.’ 

As discussed in detail by Tol, Ooster- 
kamp and Proper,’ 
contrast and detail is connected by 
relations: 


the 


VB, = k/ 





(1) 


wherein C= contrast; B, B= brightness of 


two information elements; V=average 


* From the Rauland Corporation, Chicago, illinois. 


the perceptibility of 


number of radiation quanta incident on 
each information element per second; and 
k= constant. 

X-ray quanta are emitted from the tar- 
get in the x-ray tube in statistical distribu- 
tion with time as the independent variable. 
The random nature of quantum. emission 
becomes less visible to the human eve as 
the number of quanta per second, incident 
on the area of scrutinv, increases. The 
number of quanta may be increased by in- 
creasing the area of scrutiny (decreasing 
detail perceptibilitv) or by increasing the 
radiation intensity. 

Equation 1 represents the fundamental 
limitation of contrast-detail pereeptibility 
due to quantum fluctuations. It is not pos- 
sible at present to circumvent this limita- 
tion by other means than storage, and with 
this approach the length of the storage 
time, necessarily longer than the accumula- 
tion time of the human eye, reduces the 
time resolution of the information obtained. 

The average number of quanta N to be 
used in Equation 1 is the lowest number of 
quanta per second per unit area found any- 
where in the image converting and inten- 
sifving system. 

In a simple chain, consisting of x-ray 
emitter-object-fluorescent screen-observer, 
the “quantum sink” lies in the eye of the 
observer. In an image intensifving system, 
the quantum sink is located generally, but 
not always, in the element of first energy 
conversion (x-rays to visible light). 
Furthermore, the quantum sink :s now not 
as deep as for image conversion without 
intensification. Thus, the contrast-detail 
perceptibility is increased at a given x-ray 
intensity. 

Cinefluorography is widely used in mod- 
ern roentgenologv.? The application of 


cinematography to radiology leads to a 
substantial increase in x-ray doses with the 
disadvantages mentioned above. The avail- 
able number of light quanta in cinefluorog- 


raphy utilizing standard fluoroscopic 
screens decreases with increasing frame 


rate, Imposing a limitation on the applica- 
tion of cinefluorography. This disadvantage 
can be remedied by the use of image inten- 
sification. 

The application of television techniques 
to roentgenology offers new possibilities in 


medicine. Television fluoroscopy of man- 
ageable complexity generally requires im- 


age intensification previous to the tele- 
vision pick-up device. 

The advantages of image intensification 
in radiology may be summarized as follows: 
(a) increased contrast-detail perceptibility 
at maintained radiation level or (b) main- 
tenance of contrast-detail perceptibility at 
reduced radiation level; (c) extension of the 
field of application of monoplane and bi- 
plane cinefluorography; and (d) reduction 
in the complexity of equipment in television 
fluoroscopy. 


SURVEY OF X-RAY IMAGE INTENSIFYING 
SYSTEMS* 

The proposed or existing x-ray image 
intensifying systems may be divided into 
three groups: (1) electronic systems; (2) 
solid state systems; and (3) vacuum tube 
systems. 

The principles of these three types of 
X-ray image intensifying systems are sum- 
marized below.T 


I, ELECTRONIC SYSTEMS 

The electronic intensifying systems con- 
vert the information contained in the x-ray 
beam directly, or by means of an inter- 
mediate energy conversion, into an elec- 
trical signal. The signal thus obtained is fed 
into a video amplifier and displayed on a 
television picture tube. Electronic intensi- 


* Linden! has also given a summarized description of x-ray 
image intensifying systems. 

T These three systems postulate an x-ray 
area of scrutiny. 


beam flooding the 
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fving systems cannot deliver any other form 
of presentation but a televised image. 

Two systems in this group are to be 
mentioned: (a) image Orthicon pick-up 
from a standard fluorescent screen; and 
(b) direct pick-up with an x-ray sensitive 
Vidicon. 

The image Orthicon pick-up is accom- 
panied by the inherent electronic complex- 
ity of the system, while the photoconductor 
used in the x-ray sensitive Vidicon possess- 
es decay properties which require at pres- 
ent the use of high energv, pulsed x-ravs 
at low average intensity levels. Besides the 
inconvenience of using a rather complex 
pulsed x-ray svstem, the increased. x-rav 
scattering due to the use of high energv 
x-rays together with the increased quantum 
noise due to low intensitv operation de- 
creases the contrast detail reproducibility 
of this device, a result which is particularly 
undesirable for medical application. 


2. SOLID STATE SYSTEMS 


Two devices ought to be mentioned here: 
(a) opto-electronic mosaic ("image con- 
verting panel"); and (b) field enhanced 
photoluminescence. 

Each information point of the opto- 
electronic mosaic consists of a photocon- 
ductor and an electroluminescent element 
in series. When the impedance of the photo- 
conductor is changed by impinging light or 
x-rays, the potential drop across the elec- 
troluminescent element increases, leading 
to light emission. The low speed of response 
and the structure of the panel seem to 
present difficulties in the practical applica- 
tion of such devices. 

Field enhanced, x-ray induced photo- 
luminescence is shown bv certain phos- 
phors, such as CdS:Mn. These materials 
display an enhancement of x-ray induced 
fluorescence when an AC-field is applied 
simultaneously with the x-ray excitation. 
As no exact brightness values relative to 
the brightness of a standard fluorescent 
screen, such as Patterson CB-2, are avail- 
able, the merits of this method cannot be 
discussed here. 
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S. VACUUM TUBE SYSTEMS 

The systems forming this group mav be 
classified as follows: (a) direct conversion 
from x-rays to electrons im vacuo; (b) 
conversion from x-rays to visible light tak- 
ing place outside of the vacuum image in- 
tensifier; and (c) conversion from X-ravs 
to visible light taking place inside the vac- 
i intensifier. 

A direct conversion from x-rays to elec. 
trons has been described bv Huang? and 
applied to a novel x-ray microscope. The 
svstem uses as its x-ray receiving surface 
a metal foil. The impinging x-ray quanta 
release Compton-electrons which are mul- 
tiplied by a back surface secondarv. elec- 
tron emitting laver. This composite sur- 
face is inserted in an immersion objective 
of an electrostatic electron microscope. As 
the Compton-electron vield is rather low, 
this system is presently limited with respect 
to both the brightness gain and the 
contrast-detail reproducibility which may 
be obtained. 

Another system utilizes conversion from 
x-rays to visible light outside the vacuum tube. 
The x-ray quanta are converted into light 
quanta by a standard fluorescent screen. 
This primary x-ray image is minified and 
projected by a highly efficient Schmidt 
optical system onto the semitransparent 
photocathode of a vacuum tube image in- 
tensifier with unity magnification. The 
"quantum sink" may be shifted, in this 
system, from the fluorescent screen to the 
cóupling light optical system and is then 
deeper, thus limiting the svstem as to both 
resolution and contrast reproduction. 

Systems utilizing conversion from x-ray 
to visible light inside a vacuum tube intensi- 
Jier are commonly known as "x-ray image 
intensifiers."' X-rays penetrate through a 
window into the vacuum space of the tube 
and are converted into light quanta by a 
fluorescent screen. A semitransparent 
photocathode, in physical contact with the 
phosphor screen, converts the light quanta 
into photoelectrons without loss in resolu- 
tion. An electron optical system accelerates 
and focuses the electrons onto the viewing 
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screen where they are reconverted into 
light quanta. The brightness distribution 
on the viewing screen represents an exact 
replica of the intensity distribution in the 
x-ray beam. 

X-ray image intensifying tubes of this 
type seem to yield presently the highest 
light gain combined with the best contrast- 
detail reproducibility. However, tubes of 
this type have had a rather small pickup 
screen diameter (five inches or less) until 
recently. 


LARGE DIAMETER IMAGE 
TUBE 


INTENSIFIER 


The development of x-ray image inten- 
sifers with a large pickup screen diameter 
and high light gain and resolution presented 
formidable obstacles of a technologie na- 
ture. As tubes complying with the require- 
ments of large pickup, high brightness gain, 
high resolution, and good contrast-detail 
reproducibility can be used universally in 
radiology (specific application, cardiology), 
cinefluoroscopy, radioscopy and television 
fluoroscopy, as well as in industrial roent- 
genology, an effort will be undertaken to 
describe in detail both the design and oper- 
ation of such a tube having a useful pickup 
screen diameter of 85 inches. 


GENERAL DESCRIPTION 

The x-ray image intensifier discussed 
here consists of a hard glass envelope, the 
two halves of which are joined together by 
heliare Kovar flanges (Fig. 1 and 2). 
relatively thin-walled spherical dome forms 
the x-ray window and houses the composite 
pickup screen on a separate support 84 
inches in diameter.* The dome also carries 
the cathode contacts. 

The cylindrical portion of the envelope 
is covered on the inside with a conductive 
coating which serves as a focus electrode 
and is electrically connected to the Kovar 
flange. The shoulder region of the tube 
envelope carries on the inside a semicon- 


* The merit of directly depositing the composite pickup 
screen onto the spherical x-ray window will be discussed later. 
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Fic. 1. Dimensional view of the large diameter x-ray 
image intensifier tube. 


ductive coating called “high voltage coat- 
ing." 

The re.entrant seal contains a bullet- 
shaped metal anode enclosing the alumi- 
nized viewing screen. The high voltage con- 
tact is located in this region. 

The outside glass diameter of the envel- 
ope is 10 inches, the over-all length of the 
tube is 16 1/16 inches. The re-entrant seal 
has an inside diameter of 2 15/16 inches 
and a depth of 2 1/8 inches; thus, the view- 
ing screen is easilv accessible to a light 
optical system. The weight of the tube is 
approximately 7 pounds. The geometric 
dimensions and the weight indicate that 
the image intensifier tube can be incorpo- 
rated conveniently in standard x-ray instal- 
lations. 

The light gain of an x-ray image intensi- 
fier is defined as the ratio of the brightness 
on the viewing screen of the device to the 
brightness of a standard fluorescent screen, 
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. Photograph of the x-ray image 
intensifier tube. 


both excited by identical x-ravs. The 
brightness gain of the intensifier is due to 
both the geometric minification emploved 
and an actual flux gain. A minimum bright- 
ness gain of 1000 is obtained with the tube 
described here. 

After this general description, the tube 
components and some of the techniques 
applied in producing this device will be 
discussed in detail. Finallv, examples of the 
performance of this device will be given. 


GLASS ENVELOPE 


As mentioned above, the glass envelope 
consists of two halves: the x-ray trans- 
parent dome and the anode half. The spher- 
ical dome is made of hard glass with a 
relatively high x-ray transparency, while 
the anode half consists of hard glass with 
appreciable x-ray attenuation, thus reduc- 
ing the thickness of the required outside 
lead shielding. The viewing window in the 
re-entrant seal consists of optically clear 
glass. 

Design of the Glass Dome and Location of 
the Pickup Screen. The tube is designed in 
such a manner that the pickup screen sup- 
port touches the glass dome from the in- 
side along its entire perimeter. The influ- 
ence of this design on the viewable size of 
an object outside the tube can be appre- 
ciated if one considers a flat phantom or 
object to be x-rayed, positioned in such a 
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Fic. 3. Dimensional line drawing of an x-ray installation, using an x-ray image intensifier tube. 


way that it touches the glass dome of 
certain curvature from the outside (Fig. 3). 
it can be seen immediately that the geo- 
metric magnification to which the shadow 
mage of the phantom is subjected depends 
nly on the axial spacing between the edge 
wf the pickup screen and the center of the 
glass dome. This spacing, in turn, is fixed 
by the radius of curvature of the dome if 
ie perimeter of the pickup screen touches 
the inside of the glass dome. 

Applying the pickup screen directly to 
the glass dome of maintained curvature 
does not influence the viewable phantom 
size if an Independent pickup screen sup- 
port touches the glass dome as described 
above, as the geometric magnification is 
again determined by the curvature of the 
dome. Generally, the radius of curvature of 
the pickup screen is preferably made larger 
than the radius of curvature of the dome, 
tor electron-optical reasons to be given 
iater. Making the dome also of the smaller 
curvature would reduce somewhat the 
zeometric magnification; however, the in- 
crease in glass thickness, required to main- 
tain implosion safety, would increase the 
x-ray attenuation in the dome appreciably 
and thus result in a reduction of brightness 
gain. Furthermore, severe linearity distor- 
tions may result. 












We may assume that the phantom to be 
observed through the image intensifier is 
two-dimensionally flat. As the pickup 
screen is always curved, the projection of 
the flat phantom onto the spherical pickup 
screen will lead to pincushion and linearity 
distortions. For a given x-ray beam diver- 
gence, these distortions depend solely on 
the curvature of the pickup screen. 

A linearity distortion can be expressed 
bv: 

dy {dy 2 dof d, (2) 
where 


di, d; radial spacing from the center of 
the flat phantom, 
dy’, d; =the same spacings projected onto 
the pickup screen. 
If dı and d are projected by a divergent 
X-ray beam onto a flat receiving surface 
(Fig. 4), we can write 


ls 
D 
| 


= dia + x)/a) 
d» = dala + x)/a > (3) 
di! {dy = dof dy 
If the projection occurs onto a spherical 
surface (Fig. 4), x in the above equation 
has to be substituted by x, and x, with 
X32 X1 for a convex surface, thus indicating 
a linearity distortion. It follows now: 
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Fro. 4. Projection of a flat phantom onto a flat and curved receiving surface. 


d [d = (ds/ds) (a + x3)/(a + x] 
(a + x1)/(a + wa) <1 (4) 
di /di > did ~ 


An expression for x; may be obtained from 
Figure 4, using elementary geometry: 


=s +R- VR -di (5) 


Equation 5 indicates the increase of linear- 
ity distortions with increasing curvatures 
showing that a flat cathode leads to the 
least distortion, as expected. Thus, with- 
out loss in viewable phantom size, the 
utilization of a separate screen support 
minimizes linearity distortions at main- 
tained x-ray transmission of the window. 
A spherical window of constant thickness 
penetrated by a divergent x-ray beam 
shows increasing x-ray attenuation with 
increasing radial distance from the center 
of the window, as marginal rays in the 
x-ray beam do not penetrate the window 


perpendicularly, but under an ever increas- 
ing angle. 

We see in Figure 5 that the effective 
thickness of the dome as a function of the 
geometric dimensions of the system con- 
sidered here is described by: 





r . 
d, — d/cos farc s|- + RO — ect 


(5) 


+ arc sin Rt 











Fre. 5. Geometry used for the derivation 
of equation 6. 
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The meaning of the symbols used can be 
seen In Figure 5. A numeric example i 
given in Table 1 

The resulting transmission change de- 
pends on the first derivative of the expo- 
nential transmission equation for the thick- 
ness values under consideration and thus on 
the mass absorption coefficient of the win- 
dow material. 

The radially increasing attenuation may 
be compensated by decreasing the window 
thickness as the radial spacing from the 
center increases. The thickness of the win- 
dow as a function of the radial spacing is 
expressed as follows (with d=d,_.): 


; * 
Jarc dl- | 
| e+ RG — vi — HRD 


GIRE } VITRE (7) 


d, = dcos 


+ arc cos vI — ( 


The radial transmission change of the glass 
dome is less than 2 per cent consideri ing the 
glass thickness tolerances and the radial 
attenuation increase for a typical geometry 
of medical x-ray installations. 

Anode Half. The anode half, consisting 
of rather low x-ray transparent hard glass, 
carries the viewing window in a large diam- 
eter re-entrant seal. The viewing window 
is made of optically clear hard glass to 
permit a faultless pickup of the reproduced 
mage by a light optical system. As men- 
tioned before, the diameter of the re.en- 
trant seal is sufficiently large to make pos- 


sible the insertion of the lens element of 


the optical system. 
PICKUP SCREEN 


Geometric Considerations. The composite 
pickup screen is supported by a spherical 
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aluminum disk. The x-ray attenuation of 
the support aluminum is negligible and it 
may be assumed that practically all x-rays 
penetrating the dome impinge onto the 
x-ray sensitive phosphor layer, where they 
are converted into “blue” light quanta. 

If the phosphor coating is irradiated by 
a divergent x-ray beam, the effective thick. 
ness of a uniform coating is greater in the 
peripheral area than in the center area. 
This ettect leads to a slight brightness in- 
crease, as the energy conversion of an x-ray 
phosphor screen increases with increasing 
thickness till saturation is obtained. How- 
ever, inherent “blurring” (x-ray scattering) 
increases also with increasing thickness. On 
the other hand, the peripheral resolution 
is generally somewhat lower than the 
central resolution (due to the imege plane 
curvature, to be discussed later), if a uni- 
form thickness coating is employed. It has 
been found that adequate compensation 
may be achieved by making the center 
thickness somewhat greater than the periph- 
eral thickness. This correction determines 
the curvature of the pickup screen surface 
and lies in the order of several miis. 

The curvature of the pickup screen sur- 
face is an important electron optical param- 
eter. The curvature 1/Rs of the surface 
can be determined from the curvature of 
the support 1/R, the diameter of the sup- 
port disk 2r, and the thickness difference 
At, by the following relation, given here 
without proof: 





If we assume A <o.005 inches, it can be 
seen that As X r.o1A for a wide range of 
possible values of R. Thus, for electron 
optical purposes, it is permissible to utilize 
the value of R instead of Rs. Equation 8 
shows also that small, localized variations 
of Rs do not appreciably influence the 
electron-optical properties of the system. 

Selection of Phosphor and Coating Thick- 
ness. The applied phosphor emits essen- 
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tially in the blue band, as the SbCs photo- 
surface used in the tube possesses the high- 
est quantum efficiency for blue light. In 
addition, phosphors emitting in the blue 
band, under x-ray bombardment, yield a 
high quantum efficiency. 

The particle size of the phosphor is such 
that the pickup screen resolution is limited 
by x-ray scattering rather than bv the sta- 
tistical distribution of the grain of the light 
emitting particles. 

The persistence of the phosphor is me- 
dium.* The decay after DC x-ray exposure 
of longer than 10 seconds at intensity levels 
commonly used in fluoroscopy and cine- 
roentgenography is fast enough to permit 
both the imaging of any moving process 
within the human body and mechanical 
scanning with the image intensifier tube 
during operation. 

The thickness of the screen consisting of 
phosphor embedded in silicon resin has 
been selected in such a way that the re- 
sponse to x-rays is "linear," between 75 and 
at least 100 kv. peak accelerating potential 
of the x-ray tube (Fig. 6). An approxi- 
mately 20 per cent lower gain results for 
operation between 200 and 250 ky. peak. 

However, the saturation thickness has 
not been reached for any operatianal x-ray 
wavelength. In other words, some screen 
brightness has been sacrificed to minimize 
blurring. 

Phosphor Surface and Barrier Layer. The 
semitransparent photosurface, applied 
directly on top of the phosphor-resin layer, 
requires the phosphor surface to be as 
smooth as possible, as a microscopically 
rough surface decreases the sensitivity and 
increases the resistance of the photo-emis- 
sive layer. 

If electrons are emitted from a surface 
element dF of the photo-emissive layer, 
this surface element could assume a more 
positive potential than the surrounding 
area if connected to the cathode contact 
through a high resistance. This effect would 
alter the potential gradient in front of dF 
and would lead to values of gamma of the 


* Generally, the persistence of x-ray phosphors increases with 
increasing exposure time for short exposures.’ 
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device smaller than one, if zhe potential 
gradient drops below a limiting value 
(space charge limited emission of the photo- 
surface). In addition, the speed of the de- 
vice might suffer as the charging time of 
dF increases considerably. 

A transparent, very thin resin coating is 
cast over the resin-phosphor layer to 
achieve the required microscopic smooth- 
ness of the surface. The gloss of a surface 
prepared in this manner has been deter- 
mined to be only 2-3 per cent lower than 
the gloss of a polished glass surface. 

Elements of the first group of the peri- 
odic table, such as Cs and Na, act as nega- 
tive catalysts for the silicon resin in the 
pickup screen at elevated temperatures. 

The phosphor surface has, therefore, to 
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Fic. 6. Brightness of the pickup screen as function 
of the x-ray wavelength (accelerating voltage). 
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be sealed off by a transparent barrier layer 
in order to avoid the decomposition of the 
silicon resin in the presence of Cs at the 
temperature required for processing the 
photosurface. 

Aluminum oxide is used as the barrier 
laver material. It is known that ALO; 
exists in two forms: the tightly packed and 
the porous versions. The porous version, 
which is not self-sealing against oxygen, 
is not sealing against Cs either. A tightly 
packed ALO; laver with excellent proper- 
ties as a barrier laver against Cs may be 
readily obtained by heating a thin evapo- 
rated aluminum laver in dry air. 

VIEWING SCREEN 

The cathodoluminescent silver activated 
ZnS phosphor is settled on a substrate of 
optically clear glass. The phosphor used 
has an intrinsic energy efficiency of some- 
what higher than 20 per cent at 30 kv. 
accelerating potential for the bombarding 
electrons. The relative energy distribution 
of the light, emitted by this phosphor under 
electron bombardment, is shown in Figure 
7, curve a (solid line). Curve b (dotted line) 
of the same figure shows the eye response 
curve for comparison. It can be seen that 
the light emitted by the viewing screen 
phosphor matches favorably the sensitivity 
of the human eye. 
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Fic. 7. Relative radiant energy of the viewing screen 
phosphor and the eye-response curve. 
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The yellow-green ZnS phosphor may also 
be matched favorably with proper photo- 
graphic material such as Tri-X. Proper 
matching is most successfully obtained if 
the brightness of the viewing screen is 
relatively low, namely, 1 to 10 FL. For 
higher brightness values, so FL and more, 
the maximum in the relative radiant energy 
distribution shifts slightly towards longer 
wavelengths and the emitted light becomes 
subjectively more vellow. This relatively 
high brightness range is, however, hardly 
of any importance for image intensifier 
fluoroscopy and roentgenoscopy. 

The resolution obtainable on a settled 
phosphor screen is ultimately determined 
by the size of the phosphor particles or the 
size of tne particle conglomerates. The most 
probable particle size of the bulk phosphor 
used is § u. This value is reduced by elutria- 
tion to approximately 2 y. Experience has 
shown that a minimum resolution of 1,000 
television lines per inch (soo line pairs per 
inch—soo optical lines per inch) can be 
realized readily with such a particle size. 

The viewing screen is aluminized to in- 
crease the light output, to avoid local charg- 
ing and to protect the ZnS phosphor against 
attack by the Cs vapor which is present 
during processing of the photocathode.* 


PHOTOCATHODE 


An SbCs photocathode is used. The spec- 
tral sensitivity of the semitransparent 
photosurface matches favorably the spec- 
tral emissivity of the blue pickup phosphor 
used. Further, the quantum efficiency. of 
this photosurface is higher than the effi- 
clency of most other surfaces with the ex- 
ception of the multi-alkali surface. As the 
SbCs surface is more easily controlled in 
mass production than the multi-alkali sur- 
face, an SbCs photocathode has been 
selected. Such a photocathode consists of 
a thin, amorphous antimony base laver 
which, reacting with Cs vapors at the 
processing temperature of 100-170?C. is 
converted to a laver of the intermetallic 

* It is known that most sulfide phosphors are inactivated by 


the influence of Cs vapors. Silicate phosphors do not display this 
effect. 
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compound Cs;Sb. Finally, free Cs mole- 
cules, embedded in this layer, are permitted 
to react with free oxygen brought into the 
tube to form the final photosurface. 

In semitransparent photocathodes, elec- 
tromagnetic radiation impinges onto the 
photosurface from one side and photoelec- 
trons are emitted from the opposite side. 
It is known that photoelectron emission is 
co-determined by the balance between 
absorption of light quanta and the depth 
of photoelectron generation. Thus, the 
thickness of the photoemissive layer is 


important. The influence of the thickness of 


the Sb base layer on the sensitivity of the 
photosurface used in the intensifier is 
shown in Figure 8. 


ELECTRON OPTICS 

Point Symmetric System. The electron- 
optical system used in the x-ray image in- 
tensifier consists of a spherical cathode, 
spherical pierced anode, and cylindrical 
focusing electrode. A simpler system, show- 
ing imaging properties similar to the sys- 
tem applied in practice, will be discussed 
first. 

Let us consider an electron optical sys- 
tem consisting of two concentric, spherical 
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electro.les:"the outer larger sphere is the 
cathode and the inner smaller sphere is 
pierced and forms the anode (Fig. 9). The 
parameters of such a system governing its 
performance are as follows: with Re as the 
cathode radius and A, as the anode radius, 
n= Rei Ra; with Da as the diameter of the 
aperture in the anode sphere, Ta as the 
thickness of the anode aperture, and dav as 
the distance from the outside of the anode 
sphere to the image plane, k= D4/ Ra. Note 
that the anode voltage is not included in 
these parameters. The equations governing 
the performance of such a system have 
been derived by Schagen, Bruining and 
Francken? and shall be given without proof. 
The following assumptions are made: (a) 
that the image is gaussian, (b) that both 
cathode and anode are complete spheres, 
and (c) the anode aperture lens is subjected 
to the usual assumptions validifving the 
application of the Davisson-Calbick for- 
mula. 

Under these assumptions, an object on 
the cathode is imaged onto a spherical 
image plane (concave as seen in the direc- 
tion of electron propagation) whereby the 
image distance (axial spacing between 
anode aperture and image plane) is given 


by: 
n-ifn-t & 
XM) e 
H-—2 H 2T e 


Assuming a very small anode aperture di- 
ameter, Equation ga simplifies to (£/27«&1): 





I 
dav = Ra | es a(n 1) (n 1)/ (2 2) 
n 


day = Ra-g(n — 1)/(n — 4) (gb) 
The resulting image might be either magni- 
fied or demagnified, depending on the selec- 
tion of both the cathode and anode radius. 

The curvature of the spherical image 
plane is 1/day. As the viewing screen in a 
practical tube is flat (to minimize distor- 
tions by image pickup with a light optical 
system), resolution loss in the peripheral 
area results, combined with pincushion 
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distortion. These distortions decrease with 
dav increasing. 

An increase of the image distance can 
ebviously be obtained by increasing the 
strength of the (negative) aperture lens 
(pierced anode sphere). The strength of 
this lens is increased by increasing T4, the 
thickness of the material forming the anode 
aperture. However, this correction does 
pot change day as function of the radial 
distance of a peripheral object point. Such 
à correction is, however, required to obtain 
a nearly complete flattening of the image 
plane. For this reason, the anode aperture 
lens is discussed in more detail in the follow- 
jageparagraphs. 

Anode Aperture Lens.* The equations 
given in the above section treat the anode 
aperture lens under the usual assumptions, 
namelv: (a) restriction to paraxial ravs; 
(5) thin lens approximation (this means 
taat the influence of the potential in the 
center of the anode aperture extends to 
both sides of the aperture, a distance ap- 
preciably smaller than the aperture radius); 
and (c) normal ray incidence (zero angle 
between the incident ray and the axis of 
the lens). 





* Mr. T. Csorba, of the Rauland Corporation, assisted in ob- 
raining the results discussed under this heading. 


optical system with pierced anode. 


The change in strength of the aperture 
lens with increasing radial spacing ~ can be 
discussed qualitatively by adapting the 
analytical expression for the axial potential 
/’,(z) in a system consisting of an aperture 
enclosed by two parallel planes to the anode 
aperture considered here:® 


j Var 2R/ x R 
VA) = | 4 arctg— — )) 
dis T £ 2 


+ s] (10) 





where r-radial coordinate, z=axial co- 
ordinate, di s= Rc— Ra, and R= D4/2. The 
potential in the paraxial and (in approxi- 
mation) marginal space can be obtained by 
applying the integral solution of the La- 
Place equation in series development: 
V7 AL (ow \ 402 
Vir,z) = Vils) — á 9: M 
3? 

FAV (a)ri l ; . 
——— X (11) 





"4 
For evaluation of the above equation, the 
second and forth derivatives of the axial 
potential are given below: 


iE, R? 
Feliz) Et an ii i ‘ ee | (12a) 
d» (z + R?) 
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VQ (a) = — ae | (12b) 


al 
rdi aL (2? + RN? 


The field strength on both sides of the 
anode aperture with the origin of a cylindri- 
cal coordinate system placed in the center 
of the aperture follows (with positive 
values of z in the direction of electron prop- 
agation): 

















2>0: 
y. R zR 
E2 = ar tg— — a zl (13) 
z «o 
zR 
E, = E are tg- t pon z =| (14) 
and we obtain: 
E‚n — Ein 
- -fk Ss. |=4 e» 
dia ar. 2xR? 


If r»z, the axial field strength difference 
is obtained with: 


Va 2z 
Es.. v E, SUL lk + =| = B (16) 
dia T. 


The ratio 4/B gives a correction for the 
focal length as a function of radial spacing: 





(17) 


Note that the focal length fr for limiting 
case in the marginal space is now expressed 
(with fo as the focal length in the paraxial 
space) by: 


fe = (B/Mf with B/A <1 (18) 


It follows that the focal length decreases 
with increasing radial spacing. The de- 
crease of the focal length becomes more 
pronounced if the rate of the rad:al poten- 
tial increase increases. This means that the 
increasing strength of the negative lens 
leads to an increasing image distance with 
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increasing radial spacing. This effect may 
be utilized in practice by selecting an anode 
aperture sufficiently small so that the aper- 
ture lens is filled entirely by the electron 
beam. 

A further correction for the peripheral 
defocusing will be considered now on a 
phenomenologic basis. The above equa- 
tions assume normal beam incidence in the 
anode aperture lens. However, in the actual 
case, the rim rays might show an angle of 
incidence larger than zero. This is partic- 
ularly the case if the cathode and anode 
spheres are not concentrical and if the 
anode is pushed towards the cathode or: 


axial spacing cathode to anode < Rc — Ra (19) 


It is known that the Davisson-Calbick 
formula for spherical apertures can be mod- 
ified for an angle of incidence larger than 
Zero: 





cos! a (20) 


Poe re 
z 

with fo,a as the paraxial focal distance (for 
a>o) and ® as the potential in the center 
of the anode aperture. We may assume as a 
first approximation that the focal distance 
fr for the rim rays is modified in a similar 
way, thus: 


fra = fg cos? « (21) 


One can see that the strength of the nega- 
tive anode aperture lens increases with the 
increasing angle of incidence of the rim 
rays. Thus, the image plane for the rim 
rays with a >o shows a larger spacing from 
the anode aperture than the image plane 
for the zonal rays having approximately 
normal incidence. 

This effect, similar to the effect of chang- 
ing lens strength with increasing radial 
spacing and normal incidence, flattens the 
electron optical image plane as a function 
of the radial distance of a peripheral object 
point and facilitates receiving of the ob- 
tained real image on a physically flat plane. 

The application of both corrections to a 
practical electron-optical system is dis- 
cussed in the following paragraphs. * 
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Pseudo-Point Symmetric System. A 
strictly point symmetric system, as outlined 
under Symmetric System above, cannot be 
realized in a practical tube design. Thus, 
the practical electron-optical svstem used 
in the large diameter x-rav image intensi- 
fier tube consists of a spherical cathode (C), 
a spherical pierced anode (A) and a cvlind- 
rical focus electrode coating (F) terminated 
bv a semiconductive wall coating (S) (Fig. 
10). 

The cathode-anode distance da, meas- 
ured axially, is smaller than the difference 
of the radius of curvature of cathode and 
anode. The semiconductive coating 1s termi- 
nated on one end bv the focus electrode 
coating and connected electrically to the 
anode voltage. Thus, the wall potential 
along the section of the tube envelope cov- 
ered by the semiconductive coating de- 
pends on both the potential difference be- 
tween the focus electrode and the anode 
and the resistance properties of the semi- 
conductive coating. 

The main purpose of the focus electrode 
coating is to correct for the finite extension 
of both the cathode and the anode. Chang- 
ing the focus electrode voltage (which is 
approximately equivalent to changing the 
potential difference between focus electrode 
coating and cathode) influences both the 
focal distance of the entire svstem and the 
size of the reproduced image. Peripheral de- 
focusing in the image, caused bv the spher- 


ical curvature of the electron-optical image 
plane, has been compensated for in the fol- 
lowing manner: 

(a) The strength of the negative anode 
aperture lens has been selected as a com- 
promise value by choosing a proper thick- 
ness for the material forming the anode 
aperture (the wall thickness of the material 
forming the aperture is less than the di- 
ameter of the aperture); thus, the radius 
of curvature of the electron-optical image 
plane is somewhat increased or the image 
plane is flatter. 

(b) The cathode and anode spheres are 
not concentric; thus, rim ravs emitted from 
the cathode enter the anode aperture lens 
in the marginal region under an angle of 
incidence larger than zero. The image plane 
flattening effect of this measure has been 
described in the previous section. 

(c) The semiconductive wal coating 
causes the curvature of the equipotential 
planes in the neighborhood of the anode 
aperture to decrease successively in the 
direction of electron propagation. This ef- 
fect causes a successive increase in the angle 
of incidence for the rim ravs, the effect of 
which on the image plane curvature has 
been mentioned above. 

(d) The electron beam fills the entire 
anode aperture; the image distance for the 
rim rays is greater than for the paraxial 
rays, as mentioned above. 

Thus, the electron-optical system dis- 
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cussed here possesses a flatter image plane 
than an electron-optical system where the 
focus electrode coating has the sole purpose 
of compensating for the finite extension of 
cathode and anode. 


FOCUS ELECTRODE COATING AND HIGH 
VOLTAGE COATING 

The focus electrode coating should be 
nonreflective for the blue light of the p:ck- 
up screen which penetrates the semitrans- 
parent photocathode, particularly if the 
coating extends appreciably into the 
“shoulder region” (Fig. 3), as back redec- 
tion of the blue light to the photocathode 
would result in spurious electron emission 
reducing the obtainable contrast. Copper, 
among other materials, shows the property 
of low reflectivity in the blue band and can 
be used as a material for such a focus elec- 
trode coating. However, an evaporated 
copper coating suffers generally from a cop- 
per oxide interface layer between the glass 
substrate and the copper. These ccpper 
oxides break down at approximately 250°C. 
at 104— 1075 mm. pressure, thus endanger- 
ing the cleanliness of the tube and the 
photosurface sensitivity. In addition, the 
adherence of an evaporated copper ccating 
to glass is rather poor. 

An evaporated aluminum coating, zppre- 
ciably simpler in production than an evap- 
orated copper coating, can be used if at 
least the shoulder region of the tube en- 
velope (Fig. 1) is coated with nonreflective 
material. As the high voltage coating men- 
tioned above is nonreflective in the blue 
band, the combination of an evaporated 
aluminum coating on the cylindrical por- 
tion of the tube envelope with a proper 
semiconductive coating in the shoulder 
region not only approaches the reflection 
properties of a copper coating alone, but it 
also renders the tube more practical for 
mass production. 

The semiconductive high voltage coating 
yields lower values for the local potential 
gradient along the glass wall betwzen the 
low potential focus electrode coating and 
the high potential anode contact, render- 
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ing the tubes operable for anode voltages in 
excess of 45,000 volts. These voltage values 
can be regarded as being higher than nor- 
mally encountered in image converter 
tubes. 

The purpose of the high voltage coating 
may be summarized as follows: (a) estab- 
lishing the proper wall potential to obtain 
a flatter image plane; (b) increasing the - 
threshold for high voltage breakdown and 
local field emission; and (c) reducing the 
reflectivity for the blue light emitted by the 
pickup phosphor. 


PERFORMANCE OF THE LARGE DIAMETER 
X-RAY IMAGE INTENSIFIER 
STANDARDIZATION OF MEASUREMENTS 


As the field of x-ray intensification is a 
relatively new one, no generally accepted 
standard for determining performance pa- 
rameters such as brightness gain, resolution, 
etc. exists as yet. One of the reasons for this 


‘situation may be the inherent difficulty of 


defining the input energy. Practically all 
performance parameters depend on the ge- 
ometry of the test gear, namely, spacing 
between x-ray generator and image intensi- 
fier, divergence of the x-ray beam, etc. 
Further, the type of x-rays used, namely, 
wavelengths (anode voltage of the x-ray 
tube), wave form of the high voltage ap- 
plied to the x-ray tube (half wave rectified, 
full wave rectified with ripple, “constant” 
voltege), etc. is of great importance. 

If not mentioned otherwise, all tests 
were carried out under the conditions and 
with equipment as described below: 

X-Ray Unit. Picker U. S. military unit, 
type T'55-35, 110 volts AC, 60 cycles input, 
x-ray tube voltage half wave rectified, 
standard operation 80 kv. peak, 2 ma. 

Geometry of the Test Gear. Axial distance 
x-ray window of image intensifier tube to 
x-ray focal point, 25”, meshes and phan- 
toms touching the dome of the image in- 
tensifier. 

Phantoms. Size: 12' X 12* bakelite, lead 
markers used for 1” and 3” divisions orien- 
tated in the form of a cross. Resolution: 
woven meshes, 12” X 12", mounted between 
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plexiglas sheets, diameter of circular brass 
wire .012"—.008". Contrast-detail phan- 
tom: plexiglas phantom with holes of con- 
stant diameter and varving depths in one 
direction and holes of constant depth and 
varving diameter in the other direction 
(normal to above direction). 

Brightness Meter. Spectra Brightness me- 
ter, Model UB-14, Photo Research Cor- 
poration. 

Telescope. Gaertner Scientific M £08, an- 
gular magnification 20 times at 140 mm. 
diameter of object field. 

Magnetic Shielding of the Image Intensi- 
fier. Mumetal shield, 1-16” thick, enclosing 
the image intensifier from the Kovar flange 
(Fig. 3) to the anode, open on both sides. 

In the following sections we shall discuss 
each one of the performance parameters in 
detail and describe the measurement tech- 
niques. 

BRIGHTNESS GAIN 

As mentioned above, the brightness gain 
of the x-ray L.C. depends on both the ge- 
ometric minification of the tube and the 
genuine flux gain due to electron accelera- 
tion. 

As the size of the output image depends 
somewhat on the focusing voltage, the x- 
rav LC. is first adjusted for proper focus 
voltage at the operational high voltage by 
using a resolution mesh. Then the resolu- 
tion mesh is removed and a 20 mm. thick 
solid pure aluminum phantom is inserted 
between the x-ray window of the image in- 
tensifier and the x-ray tube. The x-ray at- 
tenuation of the aluminum phantom is 
comparable to the x-ray attenuation of the 
average human chest. 

The brightness of the viewing screen 1s 
measured at 80 kv. peak, 2 ma., x-rays after 
an excitation of at least 10 seconds. 

Thereafter, the x-ray image intensifier is 
removed and a Patterson CB.2 screen* is 
inserted at the location of the intensifier 
pickup screen. The brightness is again de- 
rermined under identical X-ray intensity 








The Patterson CB-2 fluoroscopic screen has almost the same 
celative radiant energy distribution as the viewing screen phos- 





*horof the image intensifier. 
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VIEWING SCREEN BRIGHTNESS (ARBITARY UNITS) 
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11. Brightness of the viewing screen as function 
of the x-ray tube voltage. 


Fic. 


and measurement conditions. Then, the 
brightness gain is obtained by dividing the 
brightness on the viewing screen of the 
X-rav image intensifier by the brightness of 
the Patterson CB-2 screen. A minimum 
brightness gain of 1,000 1s guaranteed. 'The 
most prob sable brightness gain is around 
1,500 and considerably higher values have 
been obtained. 

The brightness gain of the tube (or the 
brightness of the image on the viewing 
screen) is approximately flat with increas- 
ing x-ray hardness (decreasing x-ray wave 
lengths) between 75 kv. peak and tio 
kv. peak as shown in Figure 11. Thus, the 
tube can be used successfully in the normal 
x-ray range encountered in mecical and 
also in industrial radiology. 

The brightness on the viewing screen de- 
pends further on the anode voltage applied 
to the x-ray image intensifier, as shown in 
Figure 12. It can be seen that the bright- 
ness versus anode voltage curve increases 
around 30 kv. anode voltage. However, the 
rate of increase decreases bevond approxi- 
matelv 33 kv. This means that the mini- 
mum required thickness of the viewing 
screen at the operational anode voltage has 
been selected. A greater thickness of the 
viewing screen might lead to a resolution 
loss. 
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Fic. 12. Brightness of the viewing screen as function 
of the intensifier anode voltage. 


The brightness gain values discussed 
here have been obtained at a nominal min- 
ification of 7.5. 

RESOLUTION 


By “resolution” is meant the limiting 
value of the contrast-detail perceptibility 
curve for contrast values approaching 100 
per cent. 

The resolution is determined under the 
conditions described in the section, Stand- 
ardization of Measurements, above, at the 
operational x-ray brightness level (but with 
an aperture of 0.3 mm. at the x-ray tube). 
This means the x-ray tube is adjusted to 80 
kv. peak and 2 ma. and the 20 mm. alumi- 
num phantom is used between the resolu- 
tion mesh and x-ray tube. The resolution 
mesh is inserted between the x-ray window 
of the intensifier and the aluminum phan- 
tom with as close spacing as possible. 

A resolution of 80-100 television lines 
per inch is achieved on the pickup screen 
across a central area with a diameter of ap- 
proximately 85 per cent of the total useful 
pickup screen diameter. The peripheral 
resolution is equal or greater than ss tele- 
vision lines per inch with the focus voltage 
adjusted for optimum resolution in the 
central area. 

A certain amount of pincushioning, re- 
sulting from the projection of the somewhat 
curved electron-optical image plane onto 
the flat viewing screen and the flat phan- 
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tom onto the curved pickup screen, is un- 
avoldable. Figure 13 shows the photograph 
of wire mesh imaged onto the viewing 
screen of the intensifier tube, to illustrate 
pincushion distortion. The photograph has 
been made under the condition as described 
above. 


PICKUP SCREEN DIAMETER AND IMAGE SIZE 


Both the pickup screen diameter and the 
image size depend somewhat on the focus- 
ing voltage. Thus, the pickup screen di- 
ameter is determined with the size phan- 
tom (see above) and a resolution mesh is 
inserted as close to the x-ray window of the 
intensifier tube as possible. Then the image 
intensifier is adjusted for proper focusing 
and the lead markers of the size phantom 
are counted in the reproducec image. 

As mentioned above, a slight geometric 
magnification must be taken into account 
caused bv the divergence of the x-ray beam 
and the unavoidable physical spacing be- 
tween the flat size phantom and the edges 
of the curved pickup screen. Thus, the ac- 
tual phantom diameter is slightly smaller 
than its shadow image on the pickup 
screen. For a typical medical x-ray set-up 
as described above and the size phantom 
practically touching the x-ray window of 
the tube, the geometric magnification 
value amounts to approximately 1.1. 

The usable pickup diameter is 81 inches. 
The image diameter can be determined ex- 
perimentally by a simple measurement 
(average value 1.15). $ 


SPEED OF RESPONSE 

The speed of response is measured with a 
photomultiplier pickup (S-11 surface, head- 
on multiplier) and a DC-oscilloscope under 
the test conditions previously described. 
The 20 mm. aluminum phantom is inserted 
between the window of the image intensifier 
and the x-ray tube, and the x-rav tube is 
operated at fullv rectified high voltage 
("constant voltage"). The decay is deter- 
mined after an x-ray excitation period of at 
least 10 seconds. The brightness of the out- 
put phosphor decreases to s per cent of the 
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Wie, 15. Photograph of a mesh phantom showing the pincushioning effect in the peripheral area. 


original brightness within 0.2 seconds (Fig. 
14). This speed of response is sufficiently 
fast so that no limitation is imposed on the 
use of this device in medical fluoroscopy 
(with and without scanning of the subject 
with the intensifier tube), radioscopy and 
cinefluoroscopy as well as television fluoros- 
. 

copy, 

As the speed of the pickup phosphor de- 
pends on the duration of x-ray excitation, 
the decay of the image intensifier for 60 
sinusoidal half cveles per second x-ray ex- 
citation is so fast that the brightness of the 
output phosphor decreases to practically 
zero between the half evcles. Thus, the de- 
vice is very well suited for relatively 
response, pulsed x-rav operation. 


fast 


CONTRAST-DETAIL PERCEPTIBILITV 
As mentioned at the beginning of this 
paper, contrast and detail perceptibilitv are 
connected bv the simple relation, 





C = (Bs — Bo/Bi = ki AN 


(Equation 1). 


For small values, the contrast C can be ex- 
pressed bv: 


C = In (Bi/ By) (22) 
It is convenient in using a contrast-detail 
phantom, as described under Standardiza- 
Hon of Measurements, to express the con- 
trast C by thickness of the material pene- 
trated by the x-rays. Realizing that the x- 
ray attenuation follows an exponential law 
with the attenuation coefficient K in the ex- 
ponent, we obtain for C: 


C= dad (23) 
whereby Ad represents the difference of the 
full material thickness of the phantom and 
the thickness of material remaining in the 
holes (or the depth of the holes). 
Contrast-detail — perceptibility curves 
have been determined with the phantom in- 
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Fie. 14. Decay of the viewing screen brightness. 


serted between the window of the image in- 
tensifier and the 20 mm. aluminum phan- 
tom under 80 kv. peak, 2 ma., (half-wave 
rectified) x-ray excitation. The geometric 
setup was equal to that described under 
Standardization of Measurements. A typical 
curve is shown in Figure 15. 


SUMMARY AND CONCLUSION 


X-ray image intensification permits a re- 
duction of the radiation doses in fluoros- 
copy as well as the application of cine- 
matography and television techniques to 
medical radiology. 

X-ray intensifying systems, namely, elec- 
tronic, solid state and vacuum tube sys- 
tems, are surveyed and the conclusion is 
reached that only vacuum tube systems 
have been developed to such a technical 
maturity as to permit successful practical 
application. 

The design of a large size vacuum tube 
x-ray Image intensifier (cathode diameter 
84 inches, minimum brightness gain 1,000) 
is described. Structural details such as the 
cross-section profile of the x-ray window, 
location of the pickup screen and linearity 
distortions, etc. are discussed. 

Further, the imaging by the electrostatic 
triode system, used in this tube, is an- 
alyzed mathematically with special em- 
phasis on the properties of the negative 
anode aperture lens and the curvature of 
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Fre. 15. Contrast-detail perceptibility curve. 


the image plane of such a system. The con- 
cept of a “pseudo-point symmetric system" 
is outlined together with the function of the 
“high voltage coating,” a new electron- 
optical element for structure of this type. 

Performance data of the large size x-ray 
image intensifier are listed in detail to- 
gether with a thorough description of the 
measurement techniques used. 

In conclusion, it can be stated that the x- 
ray image intensifier tube described here is 
universally applicable to medical radiology 
and may also be used to advantage in the 
field of industrial x-ray techniques. 


The Rauland Corporation 
4245 North Knox Avenue 
Chicago 41, Illinois 


The development of a system incorporating a 
novel component necessitates cooperation be- 
tween several companies as well as the forming 
of scientific teams within those companies. 
Thus, it is hardly possible to give credit here to 
all those persons who are entitled to it. 

Corning Glass Works, Corning, New York, 
and Kimble Glass Company, Toledo, Ohio, de- 
serve credit for services rendered in the develop- 
ment of the glass envelope of the intensifier 
tube. The Picker X-ray Corporation, Watte 
Manufacturing Division, Cleveland, Ohio, de- 
veloped the x-ray equipment on which the x- 
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ray image intensifier is used and carried out in- 
valuable work in evaluating the performance of 
sample tubes. Dr. J. Ball and Mr. E. B. Graves 
were especially helpful in this respect. 

I am greatly indebted to Dr. C. S. Szegho, 
Director of Research of The Rauland Corpora- 
tion, for continuous guidance and encourage- 
ment in developing the intensifier tube. Mr. A. 
Schmidt and Mr. H. Jordan assisted substan- 
tially in solving many chemical and mechanical 
problems. Finally, the Glassblowing Shop of 
The Rauland Corporation, under the super- 
vision of Mr. H. Voelz, deserves credit for de- 
veloping the first experimental glass envelopes. 
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TELEVISION CINEROENTGENOGRAPHY: DOSE 
AND CONTRAST FACTORS* 


By R. STUART MACKAY, Ph.D. 


SAN FRANCISCO, CALIFORNIA 


qur a television system can give a 
large bright multiple image remote 
from scattered radiation is well known. The 
use of roentgen rays in conjunction with 
television to reduce the dose to patient and 
physician was patented by the Frenchman, 
A. Dauvillier, in 1915, and the system was 
demonstrated by him in 1928. Besides the 
advantage of requiring minimum dark 
adaptation from the viewers, such systems 
can provide image brightening over a wide 
subject field. They can give reasonable con- 
trast at high voltages where some intensi- 
fiers are ineffective because of the direct 
activation of the rear phosphor by the 
penetrating rays. In cineroentgenography 
a given image quality can often be produced 
with less dose by using television techniques, 
and this aspect will be discussed here. 

„Much has been written and said about 
roentgen-ray detectors and, of course, they 
are the heart of any such system. In the 
present paper the detector will not be con- 
sidered, but only how to systematically 
make the best possible use of the one avail- 
able. The discussion will hold for any detec- 
tor that shows storage, #.e., in which the 
effect of each interacting quantum is added 
to that of all the previous until a scanning 
process removes the accumulated informa- 
tion at any one point in a single signal. 
Commonly used examples of such detectors 
are the vidicon and the image orthicon, 
used with or without a preceding image in- 
tensifier, upon which is focussed the image 
of a fluorescent screen, and the roentgen- 
ray sensitive vidicon, which is a semicon- 
ductor device directly sensitive to roentgen 
rays. 

In rendering a roentgenographic image 
visible, roughly the same number of incre- 
ments from. light to dark are discernible 


photographically as with television. But 
with television, emphasis can be concen- 
trated to study one small range in detail. 
However, a large roentgenogram zan con- 
tain detail corresponding to a band width in 
the hundred megacycle range at normal 
frame rates (Appendix 1) and its grain can 
be somewhat less troublesome than the 
noise characteristic of most detectors at 
low levels. A discussion of film and televi- 
sion methods has been given. Film and 
electronic detectors can show similar quan- 
tum efficiencies. Thus television procedures 
can be advantageous; but to maximize in- 
formation transfer and minimize dose, one 
must also consider the television link and 
camera. For example, nonlinear circuits 
can enhance contrast and make detail more 
noticeable. One can sometimes see more in 
a television image than by direct viewing. 


CONTRAST 


Contrast (taken as the percentage change 
in intensity at a boundary of a given struc- 
ture) in the original unconverted roentgen- 
ray image depends not on roentgen-ray 
intensity but on roentgen-ray wave length 
distribution. This may be monitored with a 
scintillation detector and the gray wedge 
pulse height analyzer shown in Figure f. 
Each interacting quantum has its energy 
recorded. Because of the multichannel 
action, this unit can give a spectrum from a 
tube running under normal operazing con- 
ditions without requiring an exposure time 
comparable with the tube life. Various 
machines can thus be adjusted to give com- 
parable outputs. It is also suitable for use 
under low intensity conditions such as in 
evaluating beam hardening on traversing 
a patient (assessing the outcoming spec- 
trum). An example of the result is shown in 


* From a paper presented at the Second International Medical Electronics Conference, Paris, France, June, 1959. 
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Vic. 1. The peaks of the pulses form a vertical column of bright spots which are spread by the lens system 


into horizontal lines, one above the other. The film will be blackened, to a given degree, farther to the right 
at a level where several pulses occur with the same height due to several quanta of one energy entering 
the detector. The spectral distribution appears directly on the film and curve shape does not depend on 
the linearity of the film or phosphor. The wedge can be replaced by a triangular diaphragm, or the cylindri- 
cal lens can be eliminated by using the expanded or fast delayed sweeps on certain oscilloscopes. Nonuni- 
formities in the phosphor or optical system can be compensated for by placing before the film a mask 
made by exposing a negative while there is a vertical line on the screen. In general, this seems unnecessary, 


Figure 2. Such absorption spectroscopy 
should allow composition analysis, thus 
making roentgenography more quantita- 
tive, and it should also provide maximum 
contrast images (Appendix 1). 

‘When the television image is photo- 
graphed, film density need not be a func- 
tion of roentgen-ray intensity or dose since 
the television output can be brightened 
arbitrarily. Structure may be better de- 
fined than in direct exposure since with a 
television detector a given blackening can 
be due to many absorbed quanta rather 
than many progeny per interaction. Too 
many or too few progeny per absorbed 
quantum are both bad. In one case the film 
can be black before detail is defined? and in 
the other there is no visible image with 
reasonable dose. With television the dose 
demanded can depend only on the detail to 


be resolved and image detail corresponding 
to any dose level can be recorced (subject 
to detector limitations) since the sensitivity 
of the recording medium need not be con- 
sidered in choosing the exposure. 

Usually, if the over-all response of the 
television system is such that when output 
brightness is plotted as a function of input 
intensity, as in Figure 3, the resulting curve 
IS concave upward, then contrast is en- 
hanced. Subtle details can. become more 
noticeable? The over-all response can 
readily be changed by a biased-diode elec- 
trical network. Even if the circuits are 
linear, the over-all response will usually be 
of the above character because manv 
cathode ray tubes give an output that is 
proportional to approximately the 2.5 
power of their input voltage. If photogra- 
phy is used in rendering the roentgen-ray 
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Vic, 2. Energy distribution as presented by scintilla- 
tion detector and pulse height analyzer. The roent- 
gen-ray source was a tungsten target tube fed by 
an unfiltered full wave rectifier set at 100 kv. The 
beam was filtered by o.c mm. of aluminum and 7 
m. of air. Approximately 4,000 quanta interacted 
with the detector in less than one half second. De- 
tectors do not show perfect resolution, but in this 
energy range they are not troubled by Compton 
interactions or pair production. [f more quanta are 
used to give a smoother curve then it should 
prove possible to employ an optical computer 
based on filtering spatial frequencies to correct the 
observed distribution for imperfect energy resolu- 


tion. 


image visible, then film nonlinearity is also 
involved. These nonlinearities can be aug- 
mented electrically to make saturation 
transitions more abrupt outside the range 
of interest. 

Precisely, contrast is enhanced if the 
tangent to the response curve crosses the 
axis to the right of the origin.” In Figure 3 
are seen some examples of contrast altering 
responses. An electrical bias or ambient 
illumination can lead to a sharply rising 
characteristic at the origin. A large slope in 
1e region of interest is required to notice 
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subtle detail. To detect a tinv signal when 
there :s a threshold sensitivity requires a 
high slope near the origin. The simple 
curve that gives this is concave down. This 
is the case in radar work and it can some- 
times be applicable in radiologv. To best 
use the remainder of the dynamic range, a 
concave up region might then follow the 
threshold level. It can be shown that an 
equivalent criterion for contrast enhance- 
ment requires that the slope on a log-log 
plot be greater than unity (Appendix 111). 

An undetectable gradient may some- 
times be noticed if it is moved or in motion. 
(For example, one can sense the motion of 
interference fringes that one cannot see.) 
This not only suggests another wav for 
studving roentgenograms, but it also indi- 
cates that more may be visible in a movie 
than in a set of stills with the same con- 
trast. 





MOVING PICTURES 


If one uses a standard sound camera (24 
frames per second) to record the image as in 
standard television practice (30 frames per 
second, two field per frame interlace), then 
dose will be 2.5 times that necessary to 
produce the given image quality and resolu- 
tion will onlv be approximately half that 
potentially present. The former is due to 
the camera shutter being closed for three 
fifths of the time, and the latter because 
successive fields do not appear on the same 
or on successive movie frames and after 
projection there is little chance of interlace. 
Because of storage effects in the detector, 
dose is not reduced if the roentgen-ray 
beam is turned off whenever the shutter is 
closed, but there will then be a 4-to-1 ex- 
posure difference across each frame. Inter- 
rupting the detector scan is usually preter- 
able to and easier than interrupting the 
roentgen-rav beam. In order zo avoid loss of 
information or excess dose, one must em- 
ploy either a shutterless recorder with con- 
tinuously moving film, or a camera with 
"instantaneous" film advance. The prob- 
lem is not that the patient is irradiated 
while the shutter is closed but rather that 
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Fis. 3. Examples of response of a television system: visible light directed into eye versus input roentgen-ray 
intensity from subject. These characteristics are sketched with an inflection point. Though unusual, con- 
trast can be enhanced in a range where the transfer function is concave downward, or decreased when it is 
concave upward, depending on the slope of the tangent at the point compared with the slcpe of the line 


drawn to the origin, 


the detector is being scanned and erased at 
that time. One can consider many cycles of 
storage and recording in which there is time 
for a normal film “pull down,” but most 
have some fault, one of the more common 
being loss of uniformity due to asymmetry 
in storage when different sections are re- 
turned to after different storage times. 
Mechanically, the continuously moving 
film camera seems the most durable. 

A continuously running film camera 
photographing a short-persistence phos- 
phor (P 16) on a cathode ray tube with no 
vertical deflection need lose the effect of no 
interacting quantum. Camera frame height 
can be changed by applying attenuated 
forward or reverse vertical sweeps to the 
output tube. Frame width can be controlled 
by camera distance. In principle, two- 
field-per-frame interlace can be retained if 
there is a full verticle sweep in full frame 
time on the output tube. A particular phase 
is not necessary in starting the film since this 
only requires adjusting the projector gate. 
However, in the present apparatus a tiny 
phototube in the camera generates an im- 
pulse each time a sprocket hole in the film 
passes a fixed point. This signal triggers 
each television frame start for stability and 
also fixes the starting phase. Feedback from 
a roller in the film loop can also be used to 


control the cathode ray line position if there 
is a tendency for the image to drift. To pre- 
vent phosphor burn, the output tube is 
turned off when the roentgen-ray beam is 
of, and tube elevation is periodically 
altered. Sprocket hole feedback :s also used 
to trigger a flash tube to record auxiliary 
dials (e.g., clocks and pressure gauges) di- 
rectlv on the film. The camera used in the 
present studies was made in the fashion of 
some magnetic tape recorders, but pre- 
sumably one could use a commercial rotat- 
ing-prism camera after removing the prism. 

Because of storage in one's visual system, 
the dose is relatively independent of the 
frame rate if each frame need not be suit- 
able for individual study. Any decrease in 
the viewing relative to the taking rate in- 
creases the required dose. If in clinical 
study one wished to concentrate on a single 
frame at a time, then the roentgen-ray 
beam current would have to be turned 
higher, proportional to frame rate, so that 
each frame alone would contain an ade- 
quately detailed image. In this case dose in- 
creases proportional to frame rate and one 
should take frames at the lowest rate that 
will record the motion involved. There 
should be no movement between two 
frames that is more than, say, one third 
the finest expected dimension of interest. If 


346 


one wishes to stop any blurring, the image 
can be laid down with a short roentgen-ray 
pulse once per frame. On the other hand, 
steady irradiation at a lower rate during the 
whole frame allows one to learn, through 
the appearance of blur, of any unsuspected 
fast component of motion. Stereo pairs can 
be laid down on successive frames by two 
adjacent roentgen-ray tubes that are alter- 
nately pulsed between frame scans. 

To fully use the available band width, 
the amplifiers must carry a signal at all 
times. Slowing the camera from 30 frames 
per second to 24 can be done with feedback 
controlling the television frame rate as in- 
dicated above. If band width limits the 
image quality (it should not), then appear- 
ance will improve. Fifteen frames can be 
had without feedback by employing a 15 
frame film speed and interlaceless raster at 
30 frames with a full forward vertical 
sweep on the output tube while blocking 
both the detector and output tubes’ scan- 
ning beams every other frame. Storage 
time is the same with or without interlace; 
besides implications for exposure and 
storage perfection, this means that alter- 
nate fields of a frame cannot separately be 
recorded to form a double speed film of half 
vertical resolution unless one broadens the 
detector spot vertically so all stored infor- 
mation is taken in each field. A 24 frame 
rate is for the recording of sound (time 
markers, commentary and body sounds) 
and its reproduction in teaching films 
shown on unaltered movie projectors. How- 
ever, changes in frame rate by a factor of 
two can be had without change in pitch, or 
loss of intelligibility of accompanying 
sound, by the use of a periodic-sampling 
time compressor or expander.” 

If detector storage is perfect (this does 
not blur motion as would increased phos- 
phor persistence), then an unfiltered roent- 
gen-ray voltage source will not degrade the 
image if there is an integral number of 
eléctrical cycles (or identical half cycles 
from a full wave circuit) in one frame time, 
because all points will "see" the same full 
cycles of roentgen-ray intensity before 
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being sampled again. Slight banding of the 
image has been observed due to lack of per- 
fect storage with an RCA 6849 image orthi- 
con. 

Across the picture on the viewing moni- 
tor appears a thin line that can be moved to 
cross -he region of interest. On an adjacent 
oscillcscope appears the brightness pattern 
along this line; when this just fills the 
graticale, gain and brightness are adjusted 
so thet the subject is optimumly matched 
to the full range of the film. (An exposure 
meter does not allow for range or impor- 
tant small structure.) For initial use, a 
graph of film density versus grid voltage is 
needed. A block diagram of the circuit is 
showr in Figure 4 and some observed pat- 
terns :n Figure 5. With this method one can 
emphasize a particular structure in a sys- 
tematic way, or alternatively, be sure of in- 
cluding all structures of interest. 

Roentgen-ray intensity is separately set 
so that the darkest region of interest 
matckes a predetermined intensity; struc- 
ture there will then be statistically ade- 
quate_y defined, as it will be in all brighter 
regiors. If finer detail is expected then this 
intensity is raised accordingly. To decrease 
the smallest resolvable distance by » means 
increasing the dose by z? since the number 
of quanta that formerly went through any 
unit area must now traverse each area 
smaller by z on a side. 


MAGNETIC TAPE RECORDING 


A magnetic video-tape recorder proves to 
have enough band width (4.5 megacycles) 
to replace the camera for many purposes if 
the image quality is always degraded by 
dose reduction to the minimum acceptable, 
as it should be. Such a unit records with a 
resolution of approximately 400 lines in the 
horizental direction and 500 in the vertical 
direction, which is about as good as the in- 
formation that our detector will supply at 
low light levels. The tape recorder shares 
the advantage of the shutterless camera in 
losing no interacting quantum, and it can 
be used as an erasable intermediate storage 
from which interesting material can be 
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DEFLECTION 


MONITOR 
VERTICAL CAMERA 
BLANKING TUBE 
PULSE 
D.C. COUPLING 
OSCILLOSCOPE. 





BLANKING 


HORIZONTAL 
| PULSE TRIGGER FOR SWEEP 








| » ( FLASH LAMP 
FOR DIALS 


Fic. 4. Scheme of circuit used to systematize exposure control. The delayed sweep cortrol on 
a Tektronix 545 oscilloscope will supply these functions. 





Vic. g. Monitor displaying some hand bones, and the intensity pattern corresponding to a certain line of the 
image. When adjustment is such that the pattern falls within the two center lines of the graticule, then that 
portion of the image will be recerded properly. Portions of the image outside this voltage range will 
fall in the saturation regions of the film characteristic and will be ignored. The lower example shows two 
gain and bias settings, increasing darkness being upward. 
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transferred to film. The recorder gives a 
record that is immediately available for 
study, or redoing if some aspect of interest 
is not captured. Experience may show that 
in practice the greatest saving in dose will 
result from taking only as many frames as 
needed rather than exposing extra “pre- 
cautionary” footage before releasing the 
patient. 

With an image recorded in this form, 
image processing? can be optimized by 
varying parameters (e.g., the amount of 
derivative mixed with an image to empha- 
size contours) while comparing the modi- 
fied and unprocessed images on two moni- 
tors. One investigation will take two signal 
levels and from them, introduce color into 
the image by the Land method? to observe 
the effect on detail perception. (Minimum 
dose requires either monochromatic roent- 
gen rays or a true color display, which the 
previous is not because of the mixing of the 
effect of the various roentgen-ray wave 
lengths.) 

At present the following practical obser- 
vations can be made in connection with 
tape recorders. It is extremely convenient 
that anything seen on the monitor is prop- 
erly recorded, and the eventual appearance 
can be modified as desired during playback. 
Time, labor and extra equipment for film 
processing are dispensed with. The fast re- 
wind feature in many cases allows almost 
the same result as the single-frame viewing 
possible with film, though single fields can 
be studied by using such a storage tube as 
the Tonotron. The appearance of the image 
is relatively satisfying and has proved use- 
ful clinically. 


NOISE 


The effect of a nonlinear system on the 
signal-to-noise ratio is difficult to predict 
and must include the signal distribution, 
the noise distribution and the position, ex- 
tent and shape of the nonlinearity. How- 
ever, when fluctuations in a brightness level 
are all small with respect to the magnitude 
of that level, as are most signals that would 
be enhanced, then contrast enhancing non- 
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linearities will not significantly change the 
signal-to-noise ratio. Thus after such en- 
hancement, distractions from pattern are 
the same, but previously unnoticeable 
things are accessible to the visual system. 
Large noise pulses will diminish in relative 
effect after contrast enhancement if they 
are limited by a saturation nonlinearity 
while the smaller useful signal is expanded. 
Similarly, very contrasty structures may 
become no more important and thus they 
may be relatively less distracting. But it 
should be remembered that smocth test ob- 
jects, such as partial holes in a metal plate, 
can give rise to overly optimistic views of 
the utility of such procedures because there 
are cases where recognition is not limited 
by contrast. 

The signal-to-noise ratio is the same with 
a continuous or with a pulsed roentgen-ray 
source for a given dose. It should be noted 
that there is mot adequate evidence that the 
biologic effects of the dose in the two cases 
is the same. 

It is assumed that normal precautions are 
taken in the use of the detector. Thus, with 
an image orthicon the scanning beam must 
be no more intense than required to just 
discharge the highlights. Wallman has 
noted that high frequency noise is less dis- 
turbing to the recognition of pattern than 
low frequencies, and that a vidicon con- 
centrates its noise at the higher frequencies 
while an image orthicon has a more uniform 
noise spectrum. Limiting the amplifier fre- 
quency response to just that required’ to 
carry the picture does not seem to help 
clarity much, probably because of the 
smaller importance of the fine parts of the 
noise pattern. 

One comment on the size of the detector 
might be warranted. Increasing the diam- 
eter of an image orthicon used with a given 
speed lens is useful because, though there 
are no more “lux,” there are more “lumens” 
(i.e., the flux is increased but the illumina- 
tion is not). Thus the total current will in- 
crease since a photocathode is character- 
ized by a certain number of lumens per 
microampere. Fluctuations will tend to in- 
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crease with the square root of the current 
and thus the net advantage is a slowly in- 
creasing one as the area is increased. 

A synchronous camera motor eases prob- 
lems of hum, pickup, stray magnetic fields 
and power supply ripple, mainly because 
induced nonuniformities then tend to be 
stationary with respect to the image. 

The disturbing scanning line structure in 
a television image, since it is periodic, can 
be eliminated in a photographic record by 
a suitable filter placed’ before the camera 
lens.’ In the case of the continuous film 
movie camera, a slight vertical blurring of 
the scanning spot on the camera tube may 
be as effective. 


SUMMARY 


A television link with nonlinear circuits 
aids roentgen-ray movie production in 
allowing concentration on a small bright- 
ness range and also dose can be determined 
by the detail to be observed rather than by 
film properties. A continuously moving 
film camera viewing a single line on the 
kinescope, or a video magnetic tape re- 
corder, need lose the effect of no interacting 
quantum. The frame rate aspect is con- 
sidered and a systematic exposure pro- 
cedure is given. A roentgen-ray beam 
energy monitor is also described. 

The probable course of certain future de- 
velopments is given as well as suggestions 
for the best use of existing detectors. 


Radiological Research Laboratory 
University of California Medical Center 
San Francisco, California 

The camera was constructed by Alan Cline, 
and John Kafafian investigated many of the 
circuit details. Dr. Earl Miller originated the 
recording of sound in this connection and also 
contributed to many stimulating discussions, 
Thanks are to be expressed to the Ampex Cor- 
poration for their loan of a video-tape recorder. 


APPENDIX I 


In connection with the evaluation of a 
roentgen-ray image in the form of a 
roentgenogram, it is convenient to have 
some measure of the possible information 
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content of a film. The usual unit in informa- 
tion theory discussions is the bit. 

One might estimate the number of bits of 
information in a standard 14X17 inch 
roentgenogram as follows. Suppose that 
each square millimeter can be significant, 
i.e., there is no detail finer than this, but 
two such adjacent areas can be significantly 
different. And suppose each such area can 
have any one of a hundred distinguishably 
different densities. (For some zpplications 
this is a little unrealistic since one does not 
usually scan a film with a phototube and 
specify the absolute level at each point, ex- 
cept during television; the use of one's eves 
is to distinguish any difference :n intensity 
between two areas if it is more than roughly 
1 per cent.) This implies approximately 
seven bits of information at each “point” 
since one would have to answer seven ves- 
or-no questions to state which of the 100 
possibilities existed, z.e., there are seven 
places of o or 1 in the binary number repre- 
sentation of 127, and six figures would only 
cover through 63 possibilities. The number 
of bits N at each region is: 


27-100 so 6«N«;. 


'Thus, the number of bits on such a film is 
roughly seven times the area in square 
millimeters, which is approximately a 
million. 

Such a film could carry more than this by 
using its resolving power and exposure 
range to the maximum. The smaller films 
that are often used usually contain less in- 
formation, but not necessarily less in pro- 
portion to their smaller area. This is be- 
cause the finest recorded detai. 1s usually 
smaller on such films. The information con- 
tent of a small film would be as high as a 
large one if the small one were formed by 
clearly imaging a 14X17 inch fluorescent 
screen onto a small film of such resolving 
power that each unit area of the screen was 
still distinguishable. 

The band width to transmit the above 
image at a 30 frame per second rate can be 
estimated by noting that a million choices 
between two voltage levels (e.g., telegraph 
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key clicks) must be communicated in each 
1/30 second interval. This will require a 
band width in cycles per second of approxi- 
mately 30 million. This calculation implies 
the use of a binary code for transmission. 
Such a procedure is advantageous in the 
sense that noise will be less troublesome 
than if the signal level, from the hundred 
possible at each point, were sent directly, 
since the receiver need only be able to dis- 
tinguish which of two levels exists at any 
instant. This signal sent in the usual way 
would require roughly a 5 megacycle band 
width. The source or nature of the noise 
must enter any detailed calculation of the 
band width required for the transmission of 
an image. A large roentgenogram can con- 
tain more detail than the above and require 
large band widths for faithful transmission 
if its quality is not attenuated by quantum 
fluctuations, screen noise, focal spot size, 
etc. 


APPENDIX II 


Present technology makes it conceivable 
that one can produce movies using spectral 
data to discriminate minute amounts of se- 
lected materials, and to enhance contrast 
generally over that found after ordinary 
roentgenographic processes that use lumped 
absorption information from many wave 
lengths. A scanning heterochromatic roent- 
gen-ray beam would be used in conjunction 
with a very fast scintillation detector and 
pulse height analyzer (helped by delay-line 
pulse clipping) to record selected wave- 
length ranges in the emerging beam, rather 
than generating only a few discrete wave 
lengths, separated in time, as in the pre- 
vious demonstrations.? For speed, it seems 
indicated that the equations giving the 
amount of the selected material* be solved 
by a simple analogue computer rather than 
being satisfied by the motion of wedges. 

For example, if it is assumed that the 
qualitative analysis of the subject is two 
materials (soft tissue and iodine in the 
previous cases), then the two equations in 
terms of the four absorption coefficients of 
the two materials for the two wave length 
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ranges, and the two intensity fractions k 
transmitted, are, for amounts af material 
f and 4: 


uai miste log ki 
unfit uss-log ke. 


If material one is of interest then film 
blackening would be made proportional to: 





mE. log &i— ms log ke 
1 = . 
Huk Unj 


The denominator is constant in any one 
experiment. 

In the previous method this signal would 
cause a compensating motion of a wedge of 
material one. In the present case, instead of 
wedges of the two materials being inserted 
in the apparatus, the corresponding u's 
would be put in electrically. These can be 
determined from the original equations by 
noting the intensities transmitted at the 
two wave lengths by a unity density sample 
of material one when 4 is zero, and vice 
versa. The main objection against not using 
wedges is that the variable number of 
emerging quanta per unit area indicates 
the application to the subject of some ex- 
cess dose. 

In this method one quantitates the 
"hardening" of a beam as it traverses the 
subject. Rather than scanning with a spe- 
cial roentgen-ray tube like that of Moon, a 
lead Nipkow disk could be placed between 
the tube and the subject; a second one be- 
yond the subject and moving synchro- 
nously with the first could help reject quan- 
ta that had scattered from the shorter wave 
length band into the longer. The use of 
ordinary filters and cycling Ross combina- 
tions is indicated to reduce the number of 
quanta from an ordinary tube that are in a 
useless wave length range, both for reasons 
of dose and also required detector speed. 
Special tubes in which there is composition 
modulation by an electron beam being 
shifted over a junction between target ma- 
terials or by a roentgen-ray beam shifted 
over secondary emitters seem at present un- 
duly complicated, though they would be 
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fast and feedback could maintain constant 
intensity. Methods related to the nondis- 
persive infrared analyzers of the “negative- 
filter” type are also conceivable but more 
complex because roentgen-ray absorption 
spectra are not in the form of isolated lines 
or bands as in the infrared. 

As an example of new results to be ex- 
pected, calculation indicates that one can 
visualize inflammations by their more 
rapid uptake of large molecules? if these are 
iodine-labelled at a place where break-up 
will not too rapidly release the iodine to 
the thyroid. The same should be true of 
certain tumors which have a richer blood 
supply. It is here assumed that the finite 
energy resolving power of the detector does 
not impose a major extra limitation over 
the previous system using a special source, 
in which there are also technical per- 
formance limitations. 


APPENDIX III 


In graphs of the response of a system, 
sometimes linear and sometimes log- 
arithmic coordinates are used. It is con- 
venient to know the corresponding criteria 
for an increase in contrast in the two in- 
stances. It has been shown? that with linear 
coordinates there is an increase in contrast 
when the slope at the point in question on 
the graph of ou tput intensity as a function 
of input intensity is greater than the slope 
of the line drawn from the point to the 
ogigin, that is, that 40/4/ divided by O/T 
is greater than unitv. On a poe te 
scale the s slope is d (log O)/d (log 7). But: 


1 
dlog O) = — dO log e 
O l 
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d(log D = 


d(log 0) _ dO 
dlog D — dl e I 

Thus with logarithmic coordinates, con- 
trast will be enhanced at a brightness level 
that corresponds to a place on the curve 
where the slope is greater than unity. The 
photographic case is most familiar in which 
the maximum slope of film response is 
called gamma, and values greater than 
unity indicate increase in contrast. 


1 
— dl log, e 
gc HE LER 


or 
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MEDICAL APPLICATIONS OF X-RAY TELEVISION 


By HAJIME MATSUDA, M.D.,* TADASHI NAGAOKA, E.E,t GORO TAKAI, M.D.,* 
and KAORU NINOMIYA* 
OSAKA, JAPAN 


GINCE the first medical application of 
the roentgen rays, continuous progress 
has been made both in the diagnostic and 
therapeutic domains in eliminating radia- 
tion hazards to which radiologists and op- 
erators of x-ray apparatus are exposed. Such 
fundamental means of protection as limit- 
ing the roentgen-ray beam by utilization of 
a multishutter and shielding the operator 
by walls of lead have proved of unquestion- 
able value. The recent introduction of the 
image intensifier made possible remarkable 
further reduction in the exposure dose to 
the patient and the radiologist, and, at the 
same time, an improvement of detail per- 
ceptibility in fluoroscopy, but it still re- 
mained necessary for the radiologist to con- 
tinue his studies in the fluoroscopic room, 
wearing a lead apron for protection. Why? 
The most important reason is that there has 
been no suitable optical device by which 
images on the photocathode screen of an 
image intensifier could be observed in an- 
other radiation-free room. In addition to 
this, it was rather difficult in practice to 
utilize the image intensifier alone in the 
fluoroscopic examination since its visual 
field was limited to a 5 inch circle. For this 
reason, an image intensifier and a routine 
fluoroscopic screen had to be used alter- 
nately or otherwise the image intensifier 
had to be moved in succession over several 
regions of the patient to perform a com- 
prehensive examination. If a 9 or 11 inch 
image intensifier were utilized, the patient 
dose, as well as the scattered radiation dose 
to the radiologist during cineroentgen- 
ography or direct roentgenography on a 
tilting table, could likewise not be reduced 
substantially unless the television prin- 
ciple were applied. During the last few 


years, several reports concerning x-ray 
television have been published in Europe, 
the United States and Canada.” Since 
1956, when the first attempt to utilize tele- 
vision in fluoroscopy was made by Naga- 
oka—one of the authors of the present 
paper—considerable research has also been 
carried out in Japan. In June, 1958, at the 
time that the construction plan of the 
Center for Adult Diseases—Osaka—was 
submitted, the authors projected the in- 
stallation of an x-ray television system for 
practical use. Since August, 1959, when the 
closed circuit television for roentgen diag- 
nosis in the Department of Radiology in the 
Center was installed, the basic and clinical 
examinations have been performed by this 
means. The purpose of the present paper is 
to report on the capability of the x-ray tele- 
vision unit, the first of its kind for prac- 
tical use in Japan, and to discuss its pos- 
sible applications. 


EQUIPMENT AND METHOD 


Description of the X-ray Television Device. 
As shown in Figures 1, 2 and 3, our X-ray 
television system consists of a high tension 
generator with a controller. (maximum 
output: 50 ma. at 125 kv. or £oo ma. at go 
kv. for one second; and 3 ma. at 120 kv. fer 
continuous use), a Philips Symmetrix 
90/90 tilting table with a rotating anode 
tube of 1X1 mm. focus, a Philips 5 inch 
image intensifier and a closed circuit tele- 
vision with a 14 inch and a 17 inch screen 
of the ordinary television picture tube for 
fluoroscopy and indirect roentgenography. 
In addition, a television camera and moni- 
tor for general viewing of a patient and a 


* Manufactured by Shimazu Scisakusho Co., Ltd. 


* The Department of Radiology, Center for Adult Diseases, Osaka—Seijinbyo Center (Director: Arao Imamura, M.D.). 
+ The Department of Electronics, Central Research Laboratories, Matsushita Electric Industrial Co., Ltd., ain Osaka, 


Japan. 
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Fic. 1. General arrangement of the x-ray television equipment. 


tilting table are provided.f Figures 3 and 4 
show the television system in use. 

Fluoroscopy. Radiologists can simul. 
taneously view the fluoroscopic image 
through the television monitor screens, 
both in the control room (Fig. 3) and in 
the examination room (Fig. 4). Many 
physicians can take part in the fluoro- 
scopic study with discussions bv inter- 
telephones in brightly lit rooms. 

sRoentgenography. Two different methods 
of roentgenography are possible with the 
television system: direct roentgenography 
on the tilting table and indirect fluoro- 
roentgenography through the television 
monitor. In the latter, the roentgen images 
on the 14 inch monitor in the control room 
are photographed either on 35 mm. roll 
films or by using 16 mm. cinefilms. 

Detail Perceptibility. Seven groups of 
copper wires of different diameters (0.23, 
0.25, 0.33, 0.4, C.5, 0.6 and 0.7 mm.) are 
provided as a test chart for the examination 


T The television syster equipment is manufactured by the 
Matsushita Electric Industrial Co., Ltd. 


of detail perceptibility. Each group con- 
sists of wires of equal diameter arranged on 
an extremely thin plate of plexiglass with 
the distances between them being equal to 
their diameters. 





Fic, 2. Combination of Symmetrix co/go tilting 
table, 5 inch image intensifier and a closed circuit 
vidicon television camera with a 17 irch screen of 
an ordinary television picture tube for fluoroscopy. 





Fic. 3. The control room of the x-ray television sys- 
tem. There are two television monitors; the left 
one is for telefluoroscopy, teleroentgenography 
and telecineroentgenography and the right one for 
a general view of the examination room. 


Dose Meter. A Philips universal dose 
meter, type 37470, Is employed. Ten plates 
of plexiglass, 30X30X1 cm. in size, and a 
plate of plexiglass, 30X 30 X 5 cm. in size, 
are used as a phantom. These plexiglass 
plates can be added or reduced in number 
as the occasion demands. 

[ilumination Measurement on the Vidicon 
Faceplate. The direct measurement of il- 
lumination on the vidicon tube faceplate 
is cifficult. Therefore, the luminous flux 
density at a fixed distance from the ob- 
servation screen of an image intensifier is 
first measured by the use of a conventional 
illumination photometer. Secondly, by re- 
producing the same condition on an optical 
test bench, the illumination on the vidicon 
faceplate can be indirectly measured by 
the substitution method. 


EXPERIMENTS AND RESULTS 

TEST OF DETAIL PERCEPTIBILITY 
A measurement of the detail percepti- 
bility was performed using the copper wires 
with the smallest diameter of a group in 
which each of the wires was separately dis- 
tinguished (Fig. 5, Z and B). The detail 
perceptibility was evaluated with respect 
to: (1) fluoroscopy with the x-ray tele- 
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Fic. 4. The examination rocm of the 
x-ray television system. 


vision monitor; (2) fluoroscopy with the 
image intensifier; and (3) fluoroscopy with 
the conventional fluorescent screen (Lerev- 
West "Sirius" HS screen). 

The experimental data are shown in 
Figure 6; the distance of the focus to the 
photocathode screen of the image intensi- 
fier or of the focus to the conventional 
fluorescent screen was à constant gli cm. 
The test chart was placed at a point 9 
cm. from the photocathode screen of the 
image intensifier in the direction of the 
roentgen-rav tube when no phantom was 
used. With the phantom, the distance be- 
tween the surface of the phantom facing 
the roentgen-rav tube and tne focus of the 
roentgen-ray tube was always 58 cm. In the 
latter case, the detail perceptibilitv was 
evaluated bv changing the depth of the 
test chart in a phantom 15 cm. thick; no 
detectable effect on the detail perceptibil- 
ity was observed. Figure 6 shows that the 
detail perceptibility of the image intensifier 
is best, the x-ray television is slightly 
inferior to the former, and the conven- 
tional fluorescent screen is the poorest. 
As regards the detail perceptibility of the 
x-ray television system, one must take into 
consideration the fact that there is a sig- 
nificant difference due to the inclination of 
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Vic. 5. Copper wires for the test of detail percepti- 
bility. C4) The wires at right angles to the scanning 
lines of the television monitor are 0.4, 0.5, 0.6 and 
0,7 mm. in diameter, left to right. (B) The wires 
parallel to the scanning lines are 0.7, 0.6, 0.5 and 
0.4 mm. in diameter, top to bottom. 


the copper wires of the test chart toward 
the scanning lines on the television moni- 
tor. When the wires are parallel with the 
scanning lines, the detail perceptibility is 
inferior by o.1 mm. in diameter as com- 
pared to the case when the wires are ver- 
tical to the scanning lines (Table 1 and Fig. 


5, Zand B). 


DOSIMETRY 
The incident dose upon the object (eg, 
patient or phantom), the dose passing 
through the object and the scattered dose 
received during an examination were meas- 
ured. The measurements were carried out 
by using the following factors: a 5 inch 
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e test chart on the Phantom vm 





Fic. 6. Comparison ot detail perceptibility of the 
fluoroscopic images by means of the conventional 
fluorescent screen, a combination of image in- 
tensifier and television, and image intensifier only. 

Range of the diameters of the copper wires 
utilized for the test chart, 0.23-1.0 ram.; range of 
kilovoltage, 60-90 kv. peak; range of current, 2-3 
ma.; focus size of the roentgen.ray tube, 1.01.0 
mm.; grid ratio, 60-65 /inch.24/cm. 

“ Conventional fluorescent screen. 

*? Combination of image intensiner and tele- 

vision. 

*5 Image intensifier. 


square roentgen-ray beam on the fluores- 
cent screen, several kv. steps in the range 
from 60 to 120 kv., and currents of 2 and 3 
ma. 

Measurements of the Dose in the Plexiglass 
Phantom. The values of the incident dose 
upon a plexiglass phantom 15 cm. thick and 
the dose passing through it are given in 
Table u. That a relationship between the 
ratio of the exit dose to the entrance dose 
and the change of kilovoltage exists is evi- 
dent (Fig. 7). Whether the x-ray tele- 
vision, the image intensifier or the conven- 
tional fluorescent screen is used, we can 
estimate roughlv the patient dose received 
during fluoroscopy from this table. It was 
found that clear visualization of the pulmo- 
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Tase I 
COMPARISON OF JANKER’S AND THE PRESENT AUTHORS’ DATA AS TO DETAIL PERCEPTIBILITY OF 
: X-RAY TELEVISION SYSTEMS 
Thickness | Distance between | Minimum Diameter of Metal Wires That 
of the Test Chart | Are Distinguishable from Each Other (mm.) 
Authors Phantoms | and the Fluores- 
(cm.) |centScreen (cm.)| F* I.I* F+TVt L I. L--TV* 
Janker o o 0.4 0.3 0.8 0.6 
Matsuda, Nagaoka, Takai, 
and Ninomiya o 9 o.6 0.25 = — o.4 (0.51) 
Janker 8 o.8 0.35 0.8-1.0 0.6 
Matsuda, Nagaoka, Takai, 
and Ninomiya 1$ 9-24 0.7 0.33 — o.5 (o.61) 








* See Figure 


6. F= conventional fluorescent screen; LI.= image intensifier; TV television. 
t Combination of conventional fluorescent screen and television. 


$ Values in parentheses represent the detail perceptibility when the wires are parallel with the scanning lines of the television monitor. 


nary field or the digestive tract with x-ray 
television was best accomplished by em- 
ploying a current of 2-3 ma., and 70-75 kv. 
for the lungs (posteroanterior view), 75-80 
kv. for the esophagus (oblique view), and 
80-100 kv. for the intra-abdominal organs 
such as the stomach, the duodenum, the 
small and large intestines and the gall- 
bladder. When the chest or the abdomen of 
a patient was thicker than usual, increase 
in the voltage did not show any appreciable 
improvement in detail perceptibility on the 


Taste II 


VALUES OF THE INCIDENT DOSE UPON A PLEXIGLASS 

PHANTOM I$ CM. THICK AND THE DOSE PASSING 

THROUGH THE PHANTOM USING A CURRENT OF 3 MA. 

THE ROENTGEN-RAY BEAM ON THE FLUORESCENT 
SCREEN WAS § INCHES SQUARE 











Entrance Exit Dose _Exit Dose 
kv. Dose (mr/min.) | Entrance Dose 
(r/min.) (per cent) 
60 1.57 I4 o.82 
70 2.36 28 I.1O 
' 80 3-15 48 Lok 
90 3.88 75 1.93 
Too 4.66 100 2.14 
110 5.32 125 2.34 
120 5.50 148 2.69 














television monitor. From these clinical ex- 
periences and the experimental data, it 
seems to us that the necessary and satis- 
factory values in the ratio of the exit dose 
to the entrance dose are as follows: 0.7-1.0 
per cent for fluoroscopy of the chest and 
1.02.0 per cent for the abdominal organs 
(Table r1 and Fig. 7). 

Measurement of the Patient Dose. We 
chose patients at random and measured the 
distribution of the dosein television fluoros- 
copy of the chest and abdomen with 2 ma., 
in relation to the thickness of the patient s 
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^ 


Exit dose/Entrance dose (45) 
N w 





KV 


Fic. 7. Relationship between the ratio of the exit dose 
to the entrance dose and the change of kilovoltage 
using a current of 3 ma. 
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body (Fig. 8). The mean values were 
2.0 40.3 r/min. for the chest and 3.4 +0.7 
r/min. for the abdomen. As may be seen 
from Figure 8, the thickness of the chest 
has no appreciable effect on the patient 
dose in fluoroscopsy of the lungs using tele- 
vision, although the dose increases gradu- 
ally with the thickness of the abdomen in 
television fluoroscopy of the alimentary 
tract. 

Measurement of the Scattered Ray Dose. 
The scattered ray dose of television fluoros- 
copy was measured perpendicular to the 
roentgen-ray beam at a point 100 cm. from 
the center of the phantom (Fig. 9), using 
3 ma. and a 5 inch square roentgen-ray 
beam at the fluorescent screen. The amount 
of scattered radiation increases with in- 
creasing kilovoltage and the rate of increase 
is nearly linear up to 110 kv. As shown in 
Figure 9, at a distance of 100 cm. from the 
center of the patient, perpendicular to the 
direction of the roentgen-ray beam, the 
scattered dose will be approximately o.15— 
0.2 mr/min. for examination of the chest, 
and 0.2-0.4 mr/min. for examination of the 
abdomen. 


THE VIDICON FACEPLATE 


The selection of the type of pickup tubes 
used for the television camera and also the 
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Fic. 8. Sharp contrast between the distribution of 
the patient dose in telefluoroscopy of a pulmonary 
field and that of an abdomen in relation to the 
change of the thickness of the patient’s body. 
o—Patient dose in telefluoroscopy of the lungs. 
@—Patient dose in telefluoroscopy of the ali- 

mentary tract and gallbladder. 
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Fic. 9. Change of the scattered ray dose with change 
in kilovoltage using 3 ma. and a 5 inch square 
roentgen-ray beam on the fluorescent screen. 


design of the head amplifier depend upon 
the degree of illumination produced on the 
vidicon faceplate by the rcentgen-ray 
image focused through a proper optical 
system from the observation screen of the 
image intensifier. Figure 10 shows the re- 
sult of our measurements, using the substi- 
tution method. As may be noted, the rela- 
tion of the respective changes between the 
illumination on the vidicon faceplate and 
the thickness of a plexiglass phantom, with 
3 ma. and various kilovoltages applied to 
the roentgen-ray tube, can be expressed in 
an exponential function. A plexiglass phan- 
tom with a thickness of more than 10 cm. 
must be considered extremely unfavorable 
as regards the sensitivity of zhe vidicon 
type television pickup tubes. 


TELEFLUOROSCOPY AND TELEROENTGEN- 
OGRAPHY USING THE X-RAY 
TELEVISION SYSTEM 


One of the most interesting character- 
istics of the x-ray television is that the 
radiologists can freely carry out teleroent- 
genography by using the monitor under 
conditions of routine fluoroscopy, while 
they perform telefluoroscopy with the same 
monitor. The technical factors for teleroent- 
genography are as follows: f—2.8; 35 mm. 
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Fic. ro. Relation of the respective changes between 
the illumination on the vidicon faceplate and the 


thickness of a plexiglass phantom with 3 ma. and 
various kilovoltages. 
Neo Pan SS, ASA 100 (Fuji) film; time 


of exposure — 1/10 sec.; distance —5 feet, 
regardless of what part of the body is 
examined. Figures 11 to 13 illustrate in- 
direct teleroentgenograms made by using 
the television monitor. It may be noted 
from these illustrations that the range of 
the x-ray television system is similar in 
teleroentgenography to that in telefluoros- 
copy, since both methods of examination 
are carried out under quite identical techni- 
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cal conditions and all regions of the body 
can be examined. However, it must be ad- 
mitted that there is some difference in the 
ease of the examination depending on which 
part of the body is examined, as shown in 
Table i. This table was compiled from 
clinical experience with about 150 cases eX- 
amined with x-ray television from October 
to November, 1959. 


CINEROENTGENOGRAPHY USING THE 
X-RAY TELEVISION SYSTEM 

Telecineroentgenography was performed 
by photographing the roentgen-ray images 
on the television monitor with a 16 mm. 
cinecamera (Arriflex) in the control room. 
The factors for telecinercentgenography 
were as follows: f= 5.6; Fugi x-ray film for 
fluorography; 15 frames/sec.; distance be- 
tween the monitor and the cinecamera, 3 
feet. Kilovoltage and milliamperage were 
the same as for telefluorography. Hence, 
the patient dose received during telecine- 
roentgenography was equal to that re- 
ceived during telefluoroscopy, that is, 2-5 
r/min. (Table iv). The regions examined 
bv telecineroentgenography were the pul- 
monary fields, heart, aorta, trachea and 
bronchi after bronchography, the esopha- 
gus, small and large intestines after the in- 
gestion of a barium meal, the sigmoid colon 
and large intestine after a barium enema, 
and the gallbladder after cholecystography 
using telepaque. Figure 14 shows clearly 
that telecineroentgenography using the x- 
rav television system is of definite diat- 
nostic value in these regions. 


DISCUSSION 

Construction Problems. X-ray television 
units are roughlv classified into two types 
depending on the kind of pickup tube em- 
ploved. This is either the vidicon or the 
image orthicon. An example of the former 
is the Philips unit' and of the latter are 
Janker's and Marconi's units. There are 
two fundamental reasons why we have 
adopted the vidicon camera system. The 
first is that the device with this system can 
be operated by radiologists without the 
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bie. 11, Teleroentgenograms of the pulmonary field using the television monitor. (4) Upper region of the 


arborization due to chronic bronchitis. 


need of electronic engineers. Secondly, the 
signal to noise ratio of the televised roent- 
gen-ray mage is far better than that of the 
irhage orthicon camera. The image orthicon 
camera is, asis well known, extremely sensi- 
tive in comparison with the vidicon; there- 
fore, it is capable of catching the image on 
the conventional fluorescent screen without 
the aid of the image intensifier, the use of 
which is indispensable to the vidicon 
camera, However, a comparison of Jan- 
kers? data with those of the authors’ 
(Table 1) shows that the combination of 
the image orthicon camera and the con- 
ventional fluorescent screen leads to con- 
spicuous deterioration in detail perceptibil- 
ity, while the vidicon-image intensifier 
system is by no means inferior to the image 





right lung field. (B) Lower region of the left lung field. (C) Normal bronchial tree. (D) Deformed bronchial 


orthicon-image intensifier system in the de 
tail perceptibilitv. Under the circumstances 
we undertook a study of the x-ray tele- 
vision system by means of the vidicon- 
image intensifier combination. The sensi- 
tivity of the vidicon camera was not always 
satisfactory in the last few vears, so the 
image orthicon camera has been tempo- 
rarilv used. It is our impression that the 
range of the image orthicon camera, in the 
future, will prove useful in particular prob- 
lems. 

Perceptibility Problems. These deal pri- 
marily with the focus size of the employed 
roentgen-ray tube. We have used a roent- 
gen-ray tube of r.o mm. focus in our ex- 
periments. However, we found that a 
smaller focus of 0.3 mm. in size will give 
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Tic. 12. Teleroentgenogr ams of the alimentary tract and gallbladder. C4) Prepyloric antrum, duodenal 
bulb and gallbladder. (B) Stomach and duodenal bulb. (C) Relef pattern of a stomach (positive view). 
(D) Relief pattern of a stomach (negative view). (Z) Gallbladder (positive view). (F) Same gallbladder 
(negative view). 
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Fic. 15. Teleroentgenograms of bones. G4) Dorsal spine (lateral view). (B) Shoulder jo nt. 
(C) Elbow joint. (D) Wrist Joint. 


better detail perceptibility. Secondly, there 
is a slight difference in detail percepti- 
bility depending on the direction of the ob- 
geet to the scanning lines of the television 
monitor (Table 1 and Fig. 5). With our 


present equipment, the difference in de- 
tall perceptibilitv is 0.1 mm. This is in- 


herent to the 525 line square scanning sys- 
tem. We hope to adopt a 625 line svstem 
and thereby eliminate this difference. 
Sensitivity Problems. Although our x-ray 
television system has a wide range of diag- 
nostic possibilities in. most regions of the 
body, it is, to an extent, limited. We were 


not able to get sufficiently clear images of 


the bony structures of the hip joint, head, 
upper dorsal spine and of the lateral view 
of the lumbar spine. Also, it was hardly pos- 


sible to diagnose the lesions in the digestive 
tract of men who had an abdominal thick- 
ness above 25 cm. (Table 11). 

In order to overcome these d.fficulties, 
we feel that the following factors mav prove 
helpful: (1) increase in milliamperage, (2) 
emplovment of a more sensitive vidicon 
tube in low brightness level, and (3) im- 
provement in the efficiency of the optical 
component between the image intensifier 
and the vidicon camera. Usually, we em- 
plov a current of 2-3 ma.; however, we 
were able to get extremelv clear images on 
the television monitor by temporarily in- 
creasing the milliamperage to 6 ma. with- 
out changing the kilovoltage (Fig. 122). 
Our x-ray television unit is new under 
reconstruction with these points in mind. 
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CLASSIFICATION OF THE ORGANS OR REGIONS OF THE BODY ACCORDING TO THE EASE OF FLUOROSCOPY 


USING X-RAY TELEVISION 





Ease of | Organs or Regions | 
(nature of examination) i 





Fluoroscopy 








| Lung 


Heart and aorta 


| 
| Esophagus 


Extremely easy 
|. Cervical spine 


Middle and lower portions of a dosal spine (except Dio 


and Dirt) 


Bones of extremities 
Shoulder joint 

| Elbow joint 

| Wrist joint 

| Knee joint 

f 

| 

H 


Stomach 





Trachea and bronchi (bronchography) 


Sigmoid colon and colon (barium enema) | 


Bladder and urethra (cvstourethrogram) 








Direction of Roentgen- 
Ray Beam 


M 


Posteroanterior, oblique 


Posteroanterior, oblique, 
lateral 


Posteroanterior, oblique 
| Oblique 
Posteroanterior 


Posteroanterior, lateral 


| Lateral 
Posteroanterior, oblique 


Posteroanterior, oblique 








| Duodenum | 
Easy* | Small and large intestine (oral method) | Posteroanterior, oblique 
Gallbladder | 
Lumbar spine Posteroanterior 
| Hip joint | Posteroanterior, 
Rather difficult | | 
| Head | Posteroanterior, lateral 
NN Eu d Hu TUNE ENC RER on 
| Dorsal spine | Posteroanterior 
Upper dorsal vertebrae |o Lateral 
Difficult Lower dorsal vertebrae (Dio-Di12) Posteroanterior, lateral 
Lateral 


Lumbar spine 





* Clearness of fluoroscopic images as to the 
telefluoroscopic diagnosis based on the thickness of the abdomen is 
difficult, over 28 cm. thick.difficult. 


In a future report, the experiences with the 
new unit and its diagnostic capability will 
be described. The timely introduction of 
the storage tube will make it possible to 
store electronically these extremely dis- 
stinct images for any length of time with- 
out further radiation to the patient. 


regions is influenced by the thickness of the abdomen. He 












e, in general, the ease cf 


as follows: under 20 cm. thick-easy, 20-24 cm. thick-moderately 


Effective Visual Field. 'The size of the 
effective visual field in the x-ray television 
unit of the vidicon tube and image intensi- 
fier system is limited by the diameter of the 
image intensifier. We now use a § inch 
image intensifier; however, it will be re- 
placed bv an image intensifier of a larger 





“1G. 14. (4) Telecineroentgenograms of a normal 
bronchial arborization, and (B) of the stomach and 
duodenum. 


diameter. The § inch image intensifier is 
apt to be insufficient in clinical use and 
radiologists expend a great deal of work 
end time because of inevitable traveling of 






Range far 


o 2| Fluoroscopy 





Milhlamberts 


Fic. 15. Relationship of visual acuity to illumina- 
tion; the orghtness of the conventional fluores- 
cent screen was in the order of 167*-167* millilam- 
berts. Sharp vision is impossible at this low level 
brightness because observation takes place by 
means of tae rods, localized at the peripheral parts 
of the retina, while with high brightness levels 
used in telefluoroscopy, observation is by the 
cones, situated at the central zone of the retina. 


the visual field. Too, the necessary addi- 
tional radiation exposure mav bring about 
unfavorable effects. For these ressons an 
image intensifier of over 9 inches in diam- 
eter is recommended. 





EVALUATION 


Telefluoroscopy. Roentgen-ray images on 
the television monitor are verv much 
superior to those on the conventional 
fluorescent screen in both brightress and 
sharpness. This means that the value of 
fluoroscopy—more exactly teleflucroscopy 

4s greatly increased in the domain of 
roentgen diagnosis. Hitherto, not only the 
inexperienced but also an experienced radi- 
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Taste IV 
RADIATION DOSE IN CONVENTIONAL CINEFLUOROGRAPHY AND IN TELECINEFLUOROGRAPHY 
Kilo- Milli. Dese | Frames 
Method Area voltage | amperage | (r/nin.) | persec. 
Chest Feddema 70 10 9 32 
Esophagus Bor aud Bar. 95-120 6-17 13.542 16.6 
Image Intensifier Stomach Philips advertising 120 12 13 16 
Duodenum and 
simali bowel Feddema 120 II 29 16 
Image Intensifier 
plus Orthicon | Chest and stomach | Janker go 2-4 $10 25 
Chest Matsuda, Nagaoka, | 65-70 | 2 1.5-2.5 15 
Image Intensifier | Esophagus Takai and 75-80 2 3 15 
plus Vidicon Stomach, duode- Ninomiya 
num, and intes- 75-100 2 3-5 15 
tine 

















ologist would hesitate to make a positive 
diagnosis of diseases of the chest or diges- 
tive tract by fluoroscopy alone, without 
study of roentgenograms of those patients. 
Owing to the fact that there is 100,000 
times as much brightness as on the con- 
ventional fluorescent screen (Fig. 15),? 
telefluoroscopy—fluoroscopy using the tele- 
vision monitor—is carried out by the cone- 
vision of the retina, while conventional 
fluoroscopy requires the rod-vision. This is 
probably the most important reason for the 
remarkable improvement of detail per- 
ceptibility in telefluoroscopy. When the de- 
tail perceptibility of the roentgen-ray 
shadow by means of telefluoroscopy be- 
comes comparable to that of conventional 
roentgenography, it is possible that tele- 
fluoroscopy may replace direct roentgen- 
ography. 

Indirect Roentgenography and Cineroent- 
genography. One of the greatest advantages 
of the x-ray television system is that the 
operator can freely take photographs of 
various organs of patients by means of a 
lens-shutter system camera or a cinecamera 
by using the x-ray television monitor dur- 
ing the course of fluoroscopy with complete 
protection against exposure to radiation. 
The authors again wish to emphasize that 


this type of indirect roentgerography, in- 
cluding telecineroentgenography, was per- 
formed with the same kilovoltage and mil- 
liamperage that they used in conventional 
fluoroscopy. This has an important bearing 
on the decrease of the patient dose in 
roentgen diagnosis. Telecineroentgenogra- 
phy—cineroentgenography tsing the x- 
ray television monitor—was performed at 
15 frames per second because pictures are 
transmitted at 30 frames per second in our 
closed circuit television system. 

Radiation Exposure of Patient and Radi- 
ologist. As regards radiation exposure, a 
line must be drawn between the dose re- 
ceived by the radiologist and that received 
by the patient. The radiolog.st and x-ray 
technician who are in the control room are 
completely protected agairst radiation 
throughout the course of fluoroscopy, 
roentgenography or cineroeatgenography 
with the x-ray television monitor. How- 
ever, since the tilting table which we now 
use is not remotely controllec, an operator 
is left in the examination room to select the 
visual field of the image mtensifier, to 
roentgenograph directly and to tilt the 
table. We plan to remedy this by employing 
a fluoroscopic table operated by remote 
control. 
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The patient dose in telefluoroscopy, tele- 
roentgenography and  telecineroentgen- 
ography, regardless of whether the single 
or combined technique is used, is by no 
means greater than that in conventional 
fluoroscopy, but the relative patient dose in 
telefluoroscopy is greater than that in 
fluoroscopy using the image intensifier. For 
example, factors of 60 kv., 2 ma. for the 
chest and 75 kv., 2 ma. for the stomach 
and duodenum are adequate for obtaining 
clear images in fluoroscopy of patients who 
have a 20 cm. thickness of the chest and a 
22 cm. thickness of the abdomen by using 
an image intensifier. In comparison, 75 kv., 
2 ma. for the chest and 80 kv.-100 kv., 2 
ma. for the abdomen are required in 
telefluoroscopy. Telecineroentgenography 
seems to have advantages over cinefluo- 
rography when the image intensifier is used 
(Table tv). In fact, cineroentgenography 
employing the x-ray television monitor ap- 
pears to be one of the most useful tech- 
niques in the domain of roentgen diagnosis. 


SUMMARY 


The data concerning the construction 
and the diagnostic capability of an x-ray 
television system which is employed in 
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clinical practice are presented. The ad. 
vantages of this system to roentgen diag- 
nostic procedures such as fluoroscopy, in- 
direct roentgenography and cineroentgen- 
ography as well as the radiation exposure 
of the radiologist and the patient are dis- 
cussed. Its contribution to definitive and 
efficient roentgen diagnosis is emphasized. 


Hajime Matsuda, M.D. 

The Department of Radiology 
Center for Adult Diseases, Osaka 
(Seijinbyo Center) 

Minami r-chome, Morimachi 
Higashinariku, Osaka, Japan 
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DETAIL VISIBILITY IN RADIOGRAPHS: THEORETICAL 
STUDY OF THE EFFECT OF X-RAY ABSORPTION 
IN THE OBJECT ON THE EDGE SHARPNESS 
OF RADIOGRAPHIC IMAGES* 


By K. ROSSMANN, Px.D., and H. E. SEEMANN, Pu.D. 
RESEARCH LABORATORIES, EASTMAN KODAK COMPANY, ROCHESTER, NEW YORK 


[55 sharpness is one of the numer- 
ous variables which influence the visi- 
bility of small details in a radiograph. The 
impression of sharpness gained by an ob- 
server is due to his reaction to stimuli re- 
ceived by his eye when it scans across the 
edge of an image on the radiographic film. 
These stimuli are some function of the 
density distribution at the edge which, in 
turn, is caused by the physical interaction 
of the penetrating radiation with the ob- 
ject and the film. Thus it appears that the 
final impression of sharpness is the result 
of a "chain reaction" passing from initial 
physical factors through physiologic reac- 
tions to the final subjective judgment. In 
short, sharpness is a psychophysical quan- 
tity. The question arises: “What is the 
link between the physical phenomena and 
the subjective judgment, or what measur- 
able quantity makes one density distribu- 
tion appear sharp and another unsharp?" 
The answer to this question is important 
because the density distribution on the film 
may be influenced by improved radio- 
graphic materials and techniques. In prep- 
aration for the investigation of this prob- 
lem, it is of value to study the relationship 
between the density distribution in the 
image and the interaction of the penetrat- 
ing radiation with the object and the film. 

Physical factors affecting edge sharpness 
in radiographic images have been discussed 
by many authors.^^? Apart from certain 
characteristics inherent in photographic 
emulsions, e.g., graininess, turbidity and 
developer effects, which limit the edge 
sharpness attainable, the following princi- 
pal factors are usually held responsible for 
the unsharpness of a radiographic image: 


(a) movement unsharpness—caused by in- 
dependent movement of the object, film, or 
source of radiation; (b) geometric unsharp- 
ness—arising from the finite size of focal 
spot or source of radiation; and (c) screen 
unsharpness—primarily due to the scatter- 
ing of light in the intensifying screen. 

Movement, geometric and screen un- 
sharpness, separately and in combination, 
have been investigated theoretically and 
experimentally. They are often expressed 
in terms of the distance, measured on the 
image of an edge, over which the density 
changes continuously. 

It is not clear, however, that this meas- 
urable quantity relates in general to the 
subjective impression of unsharpness. In 
fact, it will be shown later that this quan- 
tity cannot take into account certain addi- 
tional physical factors, because in practi- 
cal cases it may be impossible to define the 
endpoints of the interval by the simple 
statement that they are the points at which 
the density begins or ceases to change con- 
tinuously. Also, it has been established for 
photographic images that sharpness is a 
function of density gradient at the edge,? 
and that a discontinuous density change 
(infinite density gradient) at the edge 
would give the impression of perfect sharp- 
ness. There is no obvious reason why a sim- 
ilar relationship should not apply for radio- 
graphic images. 

In all cases, the derivations were based 
on the assumption that the object forming 
the edge had negligible thickness and was 
totally absorbing. Although this approach 
is instructive as a first approximation, it is 
felt that the restrictions are somewhat 
severe and that the results are unneces- 


* Communication No. 2087 from the Kodak Research Laboratories. 
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sarily far removed from the actual phenom- 
ena. In reality, radiographic objects are, 
of course, of finite thickness and usually 
absorb only part of the radiation. The 
amount absorbed is dependent on the dis- 
tance traversed by the radiation inside the 
object (as well as on wavelength, atomic 
number and specific gravity). When this is 
taken into account, It Is apparent that it is 
impossible in practice to obtain a discon- 
tinuous change of photographic density at 
the image edge even if geometric, motion 
and screen unsharpness are negligible. This 
can be demonstrated mathematically for 
the following special case which is of in- 
terest as a first approximation to practical 
problems arising in medical radiography. 

Let parallel penetrating radiation be in- 
cident perpendicular to the axis of a cy- 
lindrical object with the linear absorption 
coefficient u, immersed in a material hav- 
ing linear absorption coefficient m, and let 
us assume that the radiation is mono- 
chromatic and that no scattering occurs in 
the substances (Fig. 1). This situation 1s 
quite unrealistic, but it serves to demon- 
strate the effect of absorption in the object 
without the introduction of complicating 
factors. In a later studv, some of the re- 
strictive assumptions will be removed and 
the results will be more nearly applicable 
to practical situations. 

From Figure 1 it follows that 


YA 
(2) te-ar, o 


where x is a linear coordinate measured in 

the film plane perpendicular to the axis of 
the cylinder, with «=o at the edge of the 
cylinder and y=o at the film plane. Then, 
solving equation (1), 


t2 
— 


y= 2(2rx i x2) ( 
and from Figure 1 
(3) 


Jb rur + Ves d — S 


Now, for monochromatic radiation, the 


intensitv in the film plane is given bv 
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I, (X-rays) 
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Fic. 1. Bone embedded in tissue (idealized). 
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a I [exp (—miyu) exp (ys) exp (uri) | 


I, exp [— Gui + wave], 


ll 


so that from equations (2) and (3), 
T= lyexp- [md + 2(us — war — x2)?]. Q) 


It is not sufficient to describe the result- 
ing image in terms of radiation intensity 
in the film plane as given by equation (4). 
The response of the viewer's eve is some 
function of the film density and contrast 
which are related to the radiation in- 
tensity by wav of the characteristic curve 
of the film. Thus the image characteristics 
depend on the tvpe of film used and the 
exposure and development conditions, in 
short, on any phenomenon which affects 
the characteristic curve. This will be dem- 
onstrated, using as an example the char- 
acteristic curves of Kodak Blue Brand 
Medical X-ray Film and of Kodak No- 
Sereen Medical X-ray Film, beth for di- 
rect X-ray exposures. 

We can write, in general, for the density 


D = filog E) = f(log I7), 
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LINEAR X-RAY ABSORPTION COEFFICIENTS OF MATERIALS COMMON IN MEDICAL RADIOGRAPHY? 

















i Mass Absorption , : 
Material ipud AtomicNo. Coefficient upg nett dn 
gm./cm. (erit/gmi Jo kv oefficient u(1/cm. 
Tissue (water) 1.00 7.42 0.1046 0.1046 (uj) 
Bone 1.85 13.8 0.0945 0.1748 (ue) 
Air 0.0013 7.64. O.0943 2.000I2 (m) 
Subcutaneous fat Q.91 5.92 0.0941 0.085 (m) 





where the functional relationship is given 
by .the characteristic curve of the film. 
Then from (4) and the relation, 


log 4 = 0.434 In 4, 
we have, for the exposure on the film, 
log E = log (Jv) 
—0.434 [nd + 2(u& — ui) (arx — ?)!2]. (5) 


In order to obtain a quantitative descrip- 
tion of the density distribution on the film 
by using equation (5), let us choose an ex- 
ample from medical radiography. Consider 
the cylindrical object to be a thigh bone 
(here assumed to be homogeneous) em- 
bedded in tissue. Then, approximately, r 
=1.5 cm., d=20 cm., and from Table 1, 
pi— 0.1046 cm. and p2=0.1748 cm.™. 
Equation (5) then becomes 


log E = log (Zu) 
— [0.908 + o.o61(3x — x?)"*]. (6) 


In conjunction with the proper charac- 
teristic curve of the film (Fig. 2), equation 
(6) yields values for the film density, 
D=f(x), due to the x-ray exposure, E— 77. 
The value of log (y) may be chosen so that 
the theoretical density scale corresponds to 
the density scale often obtained in radio- 
graphs of this type. In order to facilitate 
comparison of the density distribution on 
the two types of film, we will select values 
for log (Zu) such that the density in the 
image of the tissue alone is about 1.7 for 
both films. The minimum density at the 
center of the bone will then be a function 
of the absorption of the object and of the 
contrast of the film. 





Figure 3 shows a plot of the film density 
as a function of distance measured from 
the edge of the bone image. It is seen that 
the absorption of x-rays in the substances 
causes a. continuous change of density ex- 
tending from the edge of the bone to the 
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Fic. 2. Characteristic curves of Kodak x-ray films. 
(Reproduced from Radiography in Modern In- 
dustry, Supplement No. 2, Eastman Kodak Com- 
pany, 1959, pp. 13 and 14.) 

A—Blue Brand Film (direct x-rays). B—No- 
Screen Film (direct xrays). (The two curves 
have been translated parallel to the abscissa in 
order to facilitate comparison.) 
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Fro. 3. Photographic density variation in the image 
of a bone embedded in tissue. 
A-—Blue Brand Film (direct x-rays). B—No- 
Screen Film (direct x-rays). 


center. The density gradient is obviously 
less than if the bone were square in section; 
further, the over-all contrast is decreased 
by the presence of tissue. These effects are 
of different magnitude on the two types of 
film. It will be shown in a later paper that, 
in the more practical case of diverging ra- 
diation, similar effects occur even when the 
object being radiographed is a plane paral- 
lel plate with a rectangular cross section. 
From these results it can be understood 
why it is impractical to express radio- 
graphic unsharpness in terms of the dis- 
tance, measured on the image of an edge, 
over which the density changes continu- 
ously, as mentioned previously. Instead, 
it is reasonable to state that the subjec- 
tive impression of sharpness is related to 
the density gradient at the edge of the 
image, as has indeed been shown for photo- 
graphic images. Noting this proposed 
change in the measure of radiographic un- 
sharpness, we may give the qualitative 
name “absorption unsharpness" to the sub- 
jective impression caused by the physical 
effects shown in Figure 3. 

The density distribution close to the 
edge is shown on an expanded scale in Fig- 
ure 4. It can be seen qualitatively how the 
absorption has reduced the density gradi- 
ent (i.e., the slope of the curve) as com- 
pared to the infinite gradient which pre- 
sumably would give the impression of per- 
fect sharpness. Using equation (5), one can 
determine how the density gradient at 
seme fixed distance from the edge varies 


Detail Visibility in Radiographs 












Pi7Ob-- ] 
168} | 
i i 
| 
teer | 
En Tissue i 
2e | Bone. | 
& 64 Tissue 4 
| | 
162 | 
160F | 
158 teen : $ | 

o 002 904 006 008 OI Ge O14 O16 

X (cm! 


Fic. 4. Photographic density variation in the image 
of a bone embedded in tissue close to the boundary 
between bone and tissue. Scale expanded as com- 
pared with that in Figure 3. 

A--Blue Brand Film (direct x-rays), B—No- 
Screen Film (direct x-rays). 


with the radius of curvature of the edge 
and with the relative magnitude of the ab- 
sorption coefficients of the two substances. 

From Figure 2 it can be seen that, for 
the small density range considered in this 
example, we may write for both types of 
film, 

D = K log E + C, 


where K =2,07 for Blue Brand Film with- 
out screens and K=2.77 for No-Screen 
Film. Then, from equation (5), 
D = Klog (Lut) — 0.434 K 
[ud + 2(u2 — m) (rx — x*?] + C 
and the density gradient becomes 
dD rox 


Lee So 0863 Klue =m) Se at) 
dx (arx — x?) 





Letting r=1.5 cm. and choosing x=0.01 
cm., a distance which can just be resolved 
bv the eye, we obtain the densitv gradient 
as a function of (us — ui) 


Figure 5 shows a plot of this equation for 
both tvpes of film. The points on the 
straight line correspond to bone immersed 
in air, fat and tissue. Values of (gs—4u) 
were obtained from Table r. 
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Fie. 5. Photographic density gradient in the image of 
a bone with 1.5 cm. radius embedded in: A air; 
@ fat; O tissue. Density gradient measured at a 
point o.or cm. from the edge. 

A—Blue Brand Film (direct x-rays). B—No- 
Screen Film (direct x-rays). 


Figure 6 shows a plot of 


aD r- 
— = — 0,061K 
ax 


(0.0297) U? 
obtained from equation (7) for the case of 
bone in tissue and x=o.o1 cm. 

Accepting the fact that the visual im- 
pression of sharpness correlates with the 
density gradient at the edge of the image, 
we can conclude from Figures 5 and 6 that 
sharpness should increase as the difference 
between linear absorption coefficients of 
the two bordering substances increases 
and as the radius of curvature of the object 
edge becomes larger. 

Although the conclusions reached in 
this study are based on a greatly simplified 
example, they serve to demonstrate that 
the concept of absorption unsharpness 
should be added to the concepts of move- 
ment, geometric and screen unsharpness as 
another physical factor responsible for un- 
sharpness in radiographic images. In fact, 
absorption unsharpness is peculiar to radi- 
ography because it stems from the very 
basis of radiography, namely, the ability 
of x-rays to penetrate matter selectively. 
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Fic. 6. Photographic density gradient in the image 
of a bone embedded in tissue as a function of the 
radius of the bone, measured at a point 0.01 cm. 
from the edge. 

A—Blue Brand Film (direct x-rays). B—No- 
Screen Film (direct x-rays). 


SUMMARY 


The density distribution across the radi- 
ographic image of a cylindrical object has 
been calculated for an idealized situation, 
viz., parallel, monochromatic radiatien 
without scatter. The effects of the type of 
film used, the linear absorption coefficient 
of the object, and the radius of the cylinder 
on the density gradient at the edge of the 
image have been considered. It has been 
shown mathematically that radiographic 
“absorption unsharpness” results from 
absorption of x-rays in the object. An ex- 
tension of this theory to more practical 
situations will be presented in the future 
and will be tested experimentelly. 
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ton, Colorado Springs, Colo; Paul E. RePass, Den- 
ver, Colo.; Lemuel Bowden, New York, N. Y.; Gil- 
bert H. Fletcher, Houston, Texas; Robert W. 
Lackey, Denver, Colo.; *Jesshill Love, Santa Bar- 
bara, Calif. 

Representatives on the American Board of Radiology: 
Donald S. Childs, Jr., Rochester, Minn.; B. P. Wid- 
mann, Philadelphia, Pa.; Frederick W. O'Brien, 
Boston, Mass. 

Representatives on the National Committee on Radia- 
tion Protection: Robert Robbins, Philadelphia, Pa.; 
Elizabeth Focht, New York, N. Y. 

Representative on the Board of Chancellors of the 
American College of Radiology: Milford D. Schulz, 
Boston, Mass. 

Forty-third Annual Meeting: Broadmoor Hotel, 
Colorado Springs, Colo., May 11-14, 1961. 


* Ex officio. 
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FORD FOUNDATION GRANTS TO THE INTER- 
NATIONAL SOCIETY OF RADIOLOGY FOR 
THE INTERNATIONAL COMMISSIONS 


HE Ford Foundation, on October 10, 

1960, announced grants to three im- 
portant international scientific bodies “to 
help speed up the task of defining, measur- 
ing and limiting hazards resulting. from 
man-made radiation." The International 
Commission on Radiological Units and 
Measurements (ICRU) received $185,000. 
The International Commission on Radi- 
ological Protection (ICRP) received 
$250,000. 

The International Bureau of Weights 
and Measures, established by treaty in 
1875, received $32,500; this Bureau is not 
connected with a Radiological Organiza- 
tion but will assist in the development of 
world-wide standards of radiation measure- 
ment. 

The ICRU was established by the First 
International Congress of Radiology in 
London in 1g25 and the ICRP by the 
Second International Congress of Radi- 
ology in Stockholm in 1928. The members 
of these Commissions are appointed by the 
International Congresses, with the advice 
of Radiation Scientists and Medical Radi- 
ologists, on the sole basis of competence 
and without regard to nationality or politi- 
cal governments. Throughout the past 
three decades the problems submitted to 
these Commissions have steadily increased 
in number and importance. Financial sup- 
port of their work has not been easy to 
obtain. Their meetings were usually held 
every three years in association with the 
International Congresses. 

At the Seventh International Congress 
in Copenhagen in 1953, the need for addi- 
tional financial support for these Com- 


missions was obvious, particularly to en- 
able them to meet more frequently than 
once everv three vears. Furthermore, at 
this time there was danger of loss of control 
of these Commissions by Radiology to 
another international, pseudogovernmental 
bodv. To establish clearly the sponsorship 
of, and to keep the control of these Com- 
missions under Radiologv, direct contri- 
butions from an International Radiological 
Organization were needed, which could not 
be supplied by the International Congress. 
For these purposes, the International So- 
ciety of Radiology was proposed; its organ- 
ization was worked out bv an international 
committee; it was adopted and put into 
operation at the Eighth International Con- 
gress in Mexico in 1956. À secretariat was 
established in Copenhagen under the super- 
vision of Professor Flemming Nørgaard, 
Secretary-Treasurer. 

The ICRU and the ICRP then began to 
operate under the continuing sponsorship 
of, and to receive financial support from, 
the International Society of Radiology, in 
behalf of National Radiological Societies, 
called ““Member-Societies,” in thirty-four 
countries. The importance to the Com- 
missions of this arrangement was reported 
to the Board of Chancellors of the American 
College of Radiology in 1958 by Dr. 
Lauriston Taylor, Chairman of :he ICRU; 
this new sponsorship made Foundations 
and other sources of funds more receptive 
to requests for aid. The American College 
of Radiology became the "Member-Soci- 
ety" representing the United States in the 
ISR. 


The above-mentioned grants will be 
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issued in annual installments of $37,000 
for the ICRU and of $50,000 for the ICRP 
over a period of five years. The announce- 
ment of the Ford Foundation, on October 
10, 1960, further stated: “The Foundation's 
new grants will enable three experienced 
international agencies to broaden their con- 
sideration of radiation problems independ- 
ent of the policies of governments. 

“The International Commission on Radi- 
ological Units and Measurements and the 
International Commission on Radiological 
Protection have been dealing with radia- 
tion hazards since the early uses of x-ravs 
and radium in the 1920's. The Commissions 
are completely independent, and are neither 
financed nor sponsored by any government 
or organization of governments. Their 
members are selected on the basis of scien- 
tific ability without reference to the nation- 
al interests of their home countries. 

“The work of each Commission is carried 
out largely by committees of scientists and 
is coordinated through periodic conferences 
and an international secretariat. The Foun- 
dation's grants will help the Commissions 
meet the increasing demands for their work 
and will be used for administrative and 
publication costs, travel funds, and other 
expenses. 


Editorial 


Fearvary, (gft 


“During the next few vears, the Inter- 
national Commission on Radiological Units 
and Measurements plans to devote major 
efforts to developing improved units and 
methods of measuring radiation received 
by living matter. The methods now widely 
used are based on the roentgen, a unit that 
expresses the quantity of energy emitted 
from a source as x-rays or gamma rays but 
is of limited value in measuring total doses 
of radiation absorbed by living organisms. 

“The International Commission on Radi- 
ological Protection, through its recom- 
mendations of safe levels of radiation ex- 
posure, has established the basis for the 
official standards of radiation protection 
adopted by many countries. In the light of 
recent scientific developments, it plans to 
re-evaluate these recommendations and to 
publish revisions of them.” 

Dr. Taylor stated, “An essential in- 
gredient in the build-up of our funds has 
been, and will continue to be, the small 
but regular support of the International 
Society of Radiology.” 


Ross Goupen, M.D. 
University of California 
Medical Center 
Los Angeles 24, California 
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RapioLocicaL EXAMINATION OF THE SMALL 
INTESTINE. Second edition. By Ross Golden, 
M.D., D.Sc., Visiting Professor of Radiology, 
University of California at Los Angeles; Pro- 
fessor Emeritus of Radiology, Columbia Uni- 
versity; Formerly, Director of Radiology, 
The Columbia-Presbyterian Medical Center, 
New York City. Cloth. Price, $28.50. Pp. 560, 
with 176 illustrations. Charles C Thomas, 
Publisher, 301-327 East Lawrence Ave, 
Springfield, Ill, 1959. 


In the review of the first edition of Ross 
Golden's epoch-making book, “Radiologic 
Examination of the Small Intestine,” the re- 
viewer stated that “this publication marks a 
milestone in the advance of roentgenology, and 
should become the constant companion of every 
roentgenologist who hopes to qualify as such. 
It is no exaggeration to say that no more im- 
portant or thought-provoking book has been 
issued in the field of gastrointestinal roent- 
genology and such a book would not have been 
possible without the writer having a thorough 
knowledge of the recent advances in physiology, 
neurology and chemical changes during the 
digestive processes.” 

The second edition of Doctor Golden’s 
book has just been issued from the press of 
Charles C Thomas, Publisher. During the inter- 
vening years between the first and second edi- 
tions, Doctor Golden has continued the as- 
sémblage of information which he thought to 
be most helpful in understanding the signifi- 
cance of the examination of the small intestine. 
In the pages of his book he applies the lessons 
of anatomy and physiology to clinical problems 
as they are disclosed by the roentgenologic 
method of examination. 

There has been marked increase in our knowl- 
edge of the anatomic structures and the physi- 
ology of the small intestine since the first edi- 
tion. The second edition is greatly augmented 
in size to incorporate this newly acquired 
knowledge and it describes how the roentgen- 
ray studies may contribute to a thorough under- 
standing of the pathologic as well as the normal 
physiologic processes. Many new chapters have 





interest of our readers as space permits. 





been added which greatly enhance the com- 
pleteness of the study of the smal! intestine. 

Doctor Golden’s intensive studies in internal 
medicine before he began his career in roent- 
genology enable him to interpret various phases 
of the physiologic aspects of the gastrointesti- 
nal tract, particularly the small intestine; and 
he has brought to bear in the current issue of 
his “Radiologic Examination of the Small 
Intestine” certain areas of knowledge dealing 
with the chemical changes in the intestinal tract 
which add immeasurably to the value of this 
book, 

In the introductory chapter of the second 
edition, Doctor Golden discusses the potential 
hazards to health by exposure to roentgen rays 
during diagnostic procedures, and he points out 
that any roentgen examination of the human 
should be carried out by those who are best 
qualified to protect the patient from excessive 
radiation. He also points out that, with all due 
regard for potential dangers from radiation, 
care must be taken to avoid depriving a patient 
of the benefit of a roentgen examination which 
may disclose an immediate hazard to his health 
or even to his life. 

Every roentgenologist and those dealing with 
the radiologic studies of the gastrointestinal 
tract can ill afford not to have Doctor Golden’s 
book as a constant companion, as in this book 
is disclosed all of our present knowledge in its 
application to a thorough study of the gastro- 
intestinal tract, particularly of the small intes- 
tine. 

The book has an adequate index which gives 
ready reference to any given item of interest. It 
is not only beautifully printed, but the repro- 
ductions throughout are of the finest quality. 
It is with pleasure that one is permitted to re- 
view a book of such fascinating interest and 
importance as this one. To Doctor Golden him- 
self, nothing but thanks and praise should be 
offered by all physicians who are interested in 
the gastrointestinal tract for the consummation 
of such a superb book as the second edition of 
“Radiologic Examination of the Small In- 
testine.” 

Lawrence RevNorps, M.D. 
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Tue Year Book or Raptoroey (1959-1960 
Year Book Serres). Edited by John Floyd 
Holt, M.D., Professor, Department of Radi- 
ology, University of Michigan; Walter M. 
Whitehouse, M.D., Associate Professor, De- 
partment of Radiology, University of Michi- 
gan; Harold W. Jacox, M.D., Professor of 
Radiology, College of Physicians and Sur- 
geons, Columbia University; Chief, Radia- 
tion Therapy Division, Radiologic Service, 
Presbyterian Hospital, New York City; and 
Morton M. Kligerman, M.D., Professor of 
Radiology and Chairman of the Department 
of Radiology, Yale University School of 
Medicine; Radiologist-in-Chief, Grace-New 
Haven Community Hospital. Cloth. Price, 
$10.50. Pp. 446, with 328 illustrations. Year 
Book Publishers, Inc., 200 E. Illinois St., 
Chicago 11, HI, 1960. 


This current publication in the series of year- 
books of Radiology upholds the fine traditions 
and sterling reputation established in past edi- 
tions. Undoubtedly a majoritv of radiologists 
rely on this source for the latest pertinent infor- 
mation and technical developments in their 
field. The gleaning of the “wheat from the 
chaff" of radiologic literature has been pains- 
takingly accomplished, and the condensed arti- 
cles do not lack in readability. A good balance 
between diagnostic and therapeutic subjects 
has been obtained. 

The editors state that the most popular sub- 
ject material recently has dealt with biologic 
hazards of radiation. Angiographic evaluation 
of carotid and intracerebral atherosclerosis 
ranks a close second. A number of articles on 
rare, or foreign, pulmonary diseases are included 
because of their pertinence at this time of in- 
creasing world travel. Among others are those 
dealing with pulmonary paragonimiasis, bron- 
chiectatic toruloma, and schistosomiasis. 

Therapy articles bring recent and encourag- 
ing information on marrow transplants in leu- 
kemic children, supervoltage treatment of in- 
operable and recurrent lesions of the rectum 
and pancreas, melanomas, and soft tissue and 
osseous sarcomas. Extremely well-selected arti- 
cles appear in the section on gynecology. 

In both the diagnostic and therapeutic sec- 
tions the editors refer to a number of outstand- 
ing articles, monographs, and books which 
cannot be adequately abstracted and should be 
read in the original. This of course holds true 
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for any article of particular interest to the indi- 
vidual reader. 

An uninterrupted series of these vearbooks 
of Radiology would seem to be one of the most 
valuable assets of the radiologist's library. 


Arcu H. Harr, M.D. 


DiacNosTICA RADIOLOGICA DELLE Vie BILIARI 
By T. Braibanti, L. Rossi, and A. Maestri; 
all of the Istituto di radiologia del Univer- 
sità di Parma. Pp. 494, with 183 illustrations. 
Minerva Medica, Turin, Italv, 1958. 

This volume is an extended description of the 
roentgen diagnosis of disease of the gallbladder 
and bile ducts. In Part 1, the authors discuss the 
preparation of the patient, the examination 
with and without a contrast medium, the use of 
extrabiliary contrast, special examinations fol- 
lowing transparietal and transhepatic injections 
of contrast medium, postoperative cholangiog- 
raphy, the study of function, the effects of var- 
ious drugs on the gallbladder and bile ducts, and 
the use-of roentgen cinematography. 

The second part of the book includes discus- 
sions of congenital anomalies, calculosis, hy- 
drops, cholecystitis, calcification of the walls 
of the gallbladder, milk of caicium bile, peri- 
cholecystic adhesions, and tumors of the gall- 
bladder and of the bile ducts. A chapter is de- 
voted to functional disturbances of the biliary 
tract. Obstruction by extrinsic causes is thor- 
oughly discussed and beautifully illustrated, as 
are internal and external biliary fistulas. An 
especially interesting chapter concerns so-called 
regeneration of the gallbladder following chole- 
cystectomy. This is recognized as actually rep- 
resenting incomplete surgical excision. Ninety 
pages of bibliography close the book. 

This volume is noteworthy because of the 
great detail with which each subject is treated. 
The authors have had extensive experience in 
the diagnosis of biliary tract disease, and the 
correlation of their findings with the observa- 
tions at surgery is excellent. Some readers may 
find the length of the book to be excessive. 

Cesare Gianturco, M.D. 


FnacrunEs, DISLOCATIONS AND Sprains. By 
Philip Wiles, M.S. (Lond), F.R.C.S. (Eng), 
F.A.C.S., Honorary Consultant Orthopaedic 
Surgeon, The Middlesex Hospital; Past Presi- 
dent of The British Orthopaedic Association, 
The Orthopaedic Section of The Royal So- 
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ciety of Medicine, and The Orthopaedic Sec- 
tion of The British Medical Association; 
Corresponding Member of The American Or- 
thopaedic Association; Formerly, Hunterian 
Professor of The Roy al College of Surgeons 
of England, Lecturer in Orthopaedic Surgery, 
at The University of London, and Brigadier, 
Consultant Surgeon in the Army; British 
Treasurer of The Journal of Bone and Joint 
Surgery. Cloth. Pp. 67, with 519 illustrations. 
Little, Brown & Company, 34 Beacon St., 
Boston 6, Mass., 1960. 


This is a “jewel” of a book, especially for 
those studying or teaching roentgenology or 
orthopedic surgery. An amazing amount of 
material is presented in only sixty-seven pages, 
made possible partly by the use of a wide 
column format with grouping and cropping of 
the many excellent roentgenograms and the 
use of outlining in the text whenever possible. 
The facts are presented in a straightforward 
xi and in a crisp, brief, typically English 
style. The sketches which are used have been 
miniatured but are e very clear and explicit. The 
outlines are used to good advantage to sum- 
marize material in certain areas. This book has 
little resemblance to the author's text book on 
orthopedic surgery and is much less wordy. 


L. Carr Suvrzman, M.D. 


Low-LeveL IRRADIATION. Edited by Austin 
M. Brues. Cloth. Price, $3.75. Pp. 148. Amer- 
ican Association for the Advancement of 
Science, 1515 Massachusetts Ave, N. W. 
Washington 5, D. C., 1959. 

This volume consists of a collection of eight 
papers and attendant introductory and con- 
chtsive remarks presented at Indianapolis, 
December 30, 1957, at a symposium of the 
Section on Zoological Sciences of the American 
Association for the Advancement of Science 
under the sponsorship of the United States 
Atomic Energy Commission and the Division 
of Biological and Medical Research of the 
Argonne National Laboratory. 

The presentations concerning scientific back- 
ground deal with: (a) Natural and Artificial 
Radiation Background of Man (R. A. Dudley), 
(b) Meteorological Factors and Fallout Dis- 
tribution (L. a (c) Genetic Effects 
(ET. ae and (d) Somatic Effects (A. M. 
Brues); those covering implications of low- 
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level irradiation are entitled: (e) Radiation As 
a Public Health Problem (D. E. Price), (f) 
Responsibilities of the Press (A. E. Snider), (g) 
Legal and Political pes (C. Holifield), 
and (h) Science and Morality (C. W. Church- 
man). 

The first two papers can be said co cover their 
subjects adequately and may be considered as 
true summaries of scientific information. The 
remaining two in the first section, though neces- 
sarily concise because of the brcad scope of 
their contents, reveal the authors’ skill in sum- 
marizing for the informed layman zhe status of 
extemely complex and only partially under- 
stood information. 

The equally concise section on the implica- 
tions of low-level irradiation illummates sharp- 
ly the impact which they have hed upon our 
authorities and institutions. Readers only par- 
tially aware of these problems wil find these 
articles to be worthwhile reading for they dis- 
cuss the crux of the problem in a matter of fifty 
pages. 

After a brief and useful summary of the con- 
ference, the editor brings the volume up to date 
by commenting on the relevant documentation 
which appeared in 1958. 

L. D. MARINELLI 


BOOKS RECEIVED 


IL TRATTAMENTO DELLE LESIONE CUTANEE DA 
Raprazionr. By Prof. Armando Isola, Libero 
Docente in Radiologia Medica, Istitato di Radi- 
ologia della Università di Genova, Genoa, Italy; 
and Dr. Leopoldo Bosio, Aiuto e Specialista in 
Chirurgia Plastica, Padiglione Mutilati del Viso, 
Istituti Clinici di Perfezionamento, Milan, Italy. 
Cloth. Pp. 218, with 81 illustratiors. Minerva 
Medica, Turin, Italy, 1960. 

ATLAS OF Tumor. PATHOLOG Y; SECTION v-FASCICLE 
10a. Tuwons OF THE OboNTOGENIC APPARATUS 
AND Jaws. By Joseph L. Bernier, D.D.S., M.S., 
F.D.S., R.C.S., (England), Major General, Dental 
Corps, U. S. Army; Assistant Surgeen General; 
Chief of Dental Corps, U. S. Army; Former Chief, 
Oral Pathology Division, Armed Forces Institute 
of Pathology; Professor and Chairman of the 
Department of Oral Pathology, Georgetown Uni- 
versity School of Dentistry, Washington, D. C. 
Paper. Price, $1.00. Pp. 107, with 120 iEustrations. 
Armed Forces Institute of Pathology, under the 
Auspices of the Subcommittee on Oncclogy of the 
Committee on Pathology of the Divisien of Medi- 
cal Sciences of the National Academy of Sciences 
—National Research Council, Washington, D. C., 
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1960. For sale by the American Registry of Pa- 
thology, Armed Forces Institute of Pathology, 
Washington 25, D. C. 

Diaonostica RADIOLOGICA DEL CANCRO DELLA 
MammeLLa. By G. Pisani, A. Malaspina, and G. 
Savino. Cloth. Pp. 162, with 140 illustrations. 
Minerva Medica, Turin, Italy, 1960. 

URETHROGRAPHIC STUDIES oF Prostatic TUBER- 
cuLosis, By Niels Bentzen. Translated from the 
Danish by Anna la Cour, née Claessen. Paper. 
Pp. 145, with 45 illustrations. The Finsen Insti- 
tute, Copenhagen, Denmark, 1960. 

Use or RADIOISOTOPES AND SUPERVOLTAGE RADIA- 
TION IN RADIOTELETHERAPY; PRESENT STATUS 
AND RECOMMENDATIONS; REPORT OF AND BACK- 
GROUND INFORMATION FOR A STUDY GROUP Con- 
VENED BY THE IAEA anb WHO. Paper. Price, 
$1.50. Pp. 88. International Atomic Energy 
Agency, Karntner Ring, Vienna 1, Austria, 1960. 
For sale by International Publications, Inc., 801 
3rd Ave., New York, 22, N. Y. 

RADIATION RESEARCH; SUPPLEMENT 2, 1960. Bio- 
ENERGETICS; CONSIDERATIONS OF PROCESSES OF 
ABSORPTION, STABILIZATION,: TRANSFER, AND 
UTILIZATION; Proceedings of a Symposium Spon- 
sored by the U, S. Atomic Energy Commission held 

. at Brookhaven National Laboratory, October 
12-16, 1959. Edited by Leroy G. Augenstine. 
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Paper. Price, $10.00. Pp. 685, with numerous 
illustrations. Academic Press, Inc, 111 Fifth 
Ave., New York 3, N. Y., 1960. 

Larger RADIATION Sources IN Inpustry. Volume I. 
Proceedings of a Conference on the Application 
of Large Radiation Sources in Industry and 
Especially to Chemical Processes; Organized by 
the International Atomic Energy Agency; War- 
saw, 8-12 September 1959. Paper. Price, $4.50. Pp. 
478, with 300 illustrations. International Atomic 
Energy Agency, Kürntner Ring, Vienna 1, Aus- 
tria, 1960. For sale by International Publications, 
Inc., 801 3rd Ave., New York 22, N. Y. 

STRAHLENGEFÄHRDUNG UND STRAHLENSCHUTZ IN 
DER ZAHNÄRZTLICHEN RÖNTGENDIAGNOSTIK. By 
Professor Dr. med. Dr. med. dent. Theodor 
Kirsch, Oberarzt an der Universitatsklinik und 
Poliklinik für Mund-, Zahn- und Kieferkranke in 
Heidelberg. Paper. Price, DM 6,80. Pp. 59, with 
47 illustrations. Dr. Alfred Hüthig Verlag, Wilck- 
ensstrasse 3, Heidelberg, Germany, 1960, 

Les RAYONNEMENTS Jonisants; CaLcuLs Tecs- 
NIQUES; TABLES DE VALEURS NUMÉRIQUES À 
L'USAGE DES INGÉNIEURS, RADIOLOGUES, OFFICIERS. 
By Lucien Brunelet, Ingénieur de recherche in- 
dustrielle. Paper. Price, $2.14. Pp. 74. Gauthier- 
Villars, Editeur—Imprimeur—Libraire, 55, Quai 
des Grands-Augustins, Paris (69), France, 1960. 
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ROENTGEN DIAGNOSIS 
NECK AND CHEST 
SurroN, M.: The functional effect of pulmo- 
nary irradiation, si... isis liess usus. 
Dovusrepay, L. C.: Radiologic aspects of stab 
wounds of the chest. 
Baresox, E. M., and Ansorr, E. K. : Mixed 
tumors of the lung, or hamartochondromas. 
ConxELIUs, E. A, and Berkaca, E. H.: Silo- 
filler’s disease... 0000.00... 
PgrgnsEN, J. A: Recognition of infr rapulmo. 
nary pleural efusion. 2 ol osuuuuu 
Bererin, J. G., Deeors, E. L., and ] ACOBSON, 
G.: Chest roentgenographic changes in sys- 
temic lupus erythematosus... iussus 
FagiMaxis, A. K., and Morvan, W.: Chronic 
bronchitis and emphysema at bronchogra- 
phy; survey of diagnostic features obtained 
by reviewing 2,000 bronchograms........ 
Jovis, P.: The value of angiocardiography in 
the study of pulmonary malformations. .... 
Darra, F., and Neureip, H.: Radiological 
diagnosis of anomalous pulmonary venous 
connection: a tomographic study........ 
Brouster, P. ef al.: Comparative study of the 
results of measurements of cardiac volume 
by the method of transverse axial stratigra- 
phy and teleradiographic geometric methods. 
Wo rr, B. S.: Roentgen features of the normal 


and herniated esophagogastric region... ... 
* 








ABDOMEN 


Lecer, L., and Crismer, R.: The roentgen di- 
agnosis of chronic pancreatitis. 42... 

Baker, H. L., Jr, and Hoposox, J. R.: Fur- 
ther studies: on the accuracy of oral cholecys 
tography.... iiis. 


GENITOURINARY SYSTEM 


AsEsHOUsE, B. S., and AprsnHouse, G. A.: 
Sponge kidney: a review of the literature and 
a report of five cases. SERA 
Harrow, B, R., and SLOANE, y. A: Polycystic 
renal dischse with renal and splenic artery 
aneurysms... ...0... 


Hi, J E., and Boers, R CT 








Fine, M. G, and VERMOOTEN, V.: Spon- 


DEN 


TO ABSTRACTS 


taneous extravasation associated with ex- 
cretory urography.… uuo uus, 
Rooney, D. R.: Post-voiding films a as an aid to 
opacifying the obstructed ureter... ..... 
Banspacn, W. A, May, R. E. and Becasn, 
M.: Hypotonic bladder associated with 
sickle cell trit. ehh es elm 


CHEYNET, M. M: : Roentgenologic study of uri- 





SKELETAL SYSTEM 
LEGRÉ, J., and Serrarrice, G.: Rad ologic 
aspects of primary tumors of the spine and 
their treatment; report of 40 cases. En 
Wuorgv, M. H., Puch, D. G., and Bic CKEL 


W. H: Localized destructive lesions in chen 
matoid spondylitis 


Broop anp LYMPH SYSTEM 


Basu, S. P.: Lymphangiography and venog- 
Sh in chronic filarial lymphoedema. . 


GENERAL 

be ae 
ATOME coute daan arched M Ne Berden: 
Gorson, R. O., LIEBERMAN, J., and GREEN, 


M.: A limited survey of radiation exposure 
from medical fluoroscopes 


Ellis-Van Creveld syn. 


RADIATION THERAPY 


SCHEIDEGGER, S.: Late damage to the spinal 
cord after roentgen = rapys. sce oa 
Decker, K., and Laurer, H.: The results of 
treatment of Mir yell tumours; a retro- 
spective survey... ee, 
DEL Recaro, J. A., and Sara, J. M.: The treat- 
ment of carcinoma of the lower lip. 
Buscuke, F., and Garante, M.: Radical pre- 
operative roentgen therapy in primarily in- 
operable advanced cancers of the head and 
MEC eia aen te he EE e RA i 
Bacresse, F, ExNvvER, A, and Cuecuu- 
LAUME, J.: Is one justified to perform a 
Simple tumorectomy followed by roentgen 
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Conen, J.: EEN and biopsy in 
mammary cancer... 

Brorporn, F. G., and Cowrey, R. A.: Irradia- 
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tion and surgery in the treatment of bron- 
chogenic carcinoma... senen. 
FLxrscHER, N., and WALKER, R.: Gastric carci- 
noma following successful therapy for pri- 
mary gastric lymphosarcoma.. ........... 
Kerr, S. W., and McKay, D. G.: Primary can- 
cer of the ovary; an analysis of 349 cases.... 
TAKAHASHI, S., and Marsupa, T.: Axial trans- 
verse laminagraphy applied to rotational 
tlieraDpy:s cope rhet EE ERERY 
KiuÁr, J., and Bex, V.: The effect of contact 
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ROENTGEN DIAGNOSIS 


NECK AND CHesr 


Surron, Maurice. The functional effect of 
pulmonary irradiation. Brit. M. J., Sept., 
1960, 2, 838-841. (From: Medical Research 
Council, Radiotherapeutic Research Unit, 
Hammersmith Hospital, London, England.) 


While a number of workers have studied the effect 
of postradiation fibrosis on lung function, little is 
known about pulmonary function during the actual 
irradiation and in the period prior to the develop- 
ment of pulmonary fibrosis. 

A number of patierts undergoing irradiation of the 
lungs either directly, because of carcinoma of the 
bronchus, or indirectiv, in cases of carcinoma of the 
breast, was subjected to lung function studies before, 
during and after treatment. The patients received 
roentgen irradiation from conventional 240 kv. 
deep roentgen-ray machines or from an 8 mev. linear 
accelerator. An attempt was made to show the differ- 
ence in functional effect between the two forms of 
irradiation. 

The author concludes that lung function tends to 
be depressed toward the end of the course of roent- 
gen therapy at 240 kv. but that such depression was 
not seen with supervoltage roentgen therapy. This is 
attributed to the diterence in radiation reaction. 
Moderate functional disability resulting from direct 
pulmonary irradiation by supervoltage roentgen rays 
was measured at the end of one year. No real func- 
tional disability resulted from roentgen therapy for 
carcinoma of the breast when modern therapeutic 
techniques were employed.—Ra/ph M. Scott, M.D. 





DocvnarEpav, Leonarp C. Radiologic aspects 
of stab wounds of the chest. Radiology, Jan., 
1960, 74, 26-33. (Address: 1917 Ashland, 


Houston 8, Texas.) 





In stab wounds of the supraclavicular region a 
chest roentgenogram, usually taken to determine the 
presence of pneumethorax, may demonstrate a 
widened mediastinal shadow resulting from hemor- 
rhage into the mediastinum. Usually, as the pressure 
in the mediastinum mounts, the mediastinal pleura 
ruptures and an associated hemothorax develops. 
Prompt surgical intervention is indicated. 

Initial anteroposterior supine roentgenograms of 
the chest in cases of suspected hemopericardium are 
difficult to Interpret accurately, since it is estimated 
that 200 cc. of fluid may be present in the pericardial 
sac without altering the contour of the cardiac sil- 
houette appreciably; however, many cases of proved 
hemopericardium show a straightened left border of 
the heart. The rapid accumulation of a relatively 
small amount of blooc in the pericardial sac is suffi- 
cient to cause severe symptoms of acute cardiac 
tamponade which can be diagnosed accurately on 
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clinical grounds when the roentgenologic findings 
are equivocal. Much larger amounts of fluid may ac- 
cumulate slowly without causing death and serial 
roentgenograms may be necessary to detect the ac- 
cumulation or the recurrence of bleeding or delayed 
exudative pericardial effusion. Angiocardiography 
may be necessary to exclude the possibility of per- 
sistent pericardial fluid when the cardiac silhouette 
appears to be within normal limits even in the pres- 
ence of appreciable amounts of fluid. Although the 
present consensus of opinion is that hemopericar- 
dium is best managed by pericardial aspiration ini- 
tially rather than by open operation, it would seem 
rational to believe that an opening in the parietal 
pericardium should be made as a secondary pro- 
cedure if there is established evidence of persistent 
Huid, to permit drainage into the pleural space and 
to avoid delayed exudative pericarditis and adhesive 
pericarditis as possible late complications. 

In penetrating wounds of the lower thorax, initial 
roentgenograms of the chest show little cf note apart 
from pneumothorax. An abdominal roentgenogram 
should be taken initially, and serial roer tgenograms 
of the abdomen and chest often reveal valuable in- 
formation regarding occult intra-abdominal injury. 

Several cases are briefly summarized to illustrate 
salient features. alter H. arcis, Jr, M.D. 


Bargsow, Eric M., and AnBovT, E. KATHLEEN, 
Mixed tumors of the lung, or hamartochon- 
dromas. Clinical Radiology, Oct.. 1960, 77, 
232-247 (From: Department of Diagnostic 
Radiology of the United Sheffield Hospitals 
and the City General Hospital, Sheffield, 
England.) 


The authors review over 200 previously reported 
cases of hamartochondroma and report 15 tumors of 
this type from their personal experience. 

The incidence of intrapulmonary hamartochondro- 
mas is estimated at 0.04 to 0.33 per cent cf autopsies. 
Sixty-nine per cent occurred in males, Sixty-four per 
cent were found in the right lung. 

Roentgenologically, the tumor is of two types, 
endobronchial and intrapulmonary. The former is 
rare, presents with signs of peripheral collapse, and 
cannot be differentiated from other endobronchial 
tumors, The intrapulmonary type is described as a 
well-defined round or oval tumor, most often lobu- 
lated and occurring peripherally. Eighty-two per 
cent are under 5 cm. in size. Irregular calcification 
was found in one-third of the cases, mcre often in 
the larger tumors. 

An excellent differential diagnosis is given. It was 
found that a large mass (over 5 cm. in size) which 
has a lobulated outline and which contains irregular 
calcification is most likely a hamartochondroma. 
This is also a strong possibility in cases of small 
tumors with well-defined outlines, no ca-cifications, 
and no satellite nodularity. The use of laminagraphy 
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is urged to better outline the tumor and to detect 
the presence of calctum.—Barry Gerald, M.D. 


ConNELIUS, Eucene A., and BETLACH, 
Evcene H. Silo-filler’s disease. Radiology, 
Feb., 1960, 74, 232-238. (Address: E. A. 
Cornelius, Hermann Hospital, 1203 Ross 
Sterling Ave., Houston 25, Texas.) 


Since 1954, sporadic cases of pulmonary disease of 
unusual etiology have been encountered. The pa- 
tients have a history of being exposed to nitrogen 
dioxide, a gas which forms in newly filled silos. 
Analyses of experimental lots of silage show that 
nitric oxide is the chief gas produced, which forms 
nitrogen dioxide upon contact with air. Nitrogen 
dioxide production reaches a peak within twenty- 
four hours of the time a silo is filled, and subsides in 
two or three days. It is a reddish brown gas, heavier 
than air, and quite irritating. 

The illness following exposure is due primarily to 
the intensity and duration of exposure and secon- 
darily to individual sensitivity. Mild exposure pro- 
duces a catarrhal inflammation, while more serious 
exposure results in loss of bronchiolar epithelium, 
with fibrinous bronchiolar and peribronchiolar in- 
flammation. Acute death from pulmonary edema is 
due to severe injury of the bronchiolar, alveolar, and 
capillary walls. Many changes have been observed 
in less acute cases, including bronchiolitis fibrosa 
obliterans, alveolar atelectasis, emphysema, bron- 
chopneumonia, and focal interstitial fibrosis. Clini- 
cally, the typical illness may occur either as an im- 
mediate or a delayed reaction. Of 4 patients who 
had an immediate reaction, 2 died due to acute 
pulmonary edema. In the delayed group the illness 
is triphasic, with the acute phase coming on a few 
hours after exposure, then variable remission followed 
by relapse in two to five weeks. 

Roentgenographic features have been nonspecific 
and variable and tend to lag behind the clinical 
course. Pulmonary edema with bilateral infiltration 
was observed in 1 case. Two cases of acute broncho- 
pneumonia showed patchy confluent areas of infil- 
tration, chiefly in the midlung fields, with later rapid 
and complete resolution. Six cases with bronchio- 
litis obliterans exhibited miliary nodulation at the 
height of the relapse, with roentgenographic resolu- 
tion beginning about the fortieth day. One case two 
and one-half years after exposure exhibited no sig- 
nificant roentgenographic signs, although severe ob- 
structive emphysema was present. 

Final diagnosis is dependent on correlation of the 
history with the clinical and roentgenographic 
changes. The acute cases may resemble farmer's 
lung, and the differential diagnosis must be made on 
the basis of the date of silo filling and the presence 
or absence of an unusual gas. The delayed cases may 
be confused with pneumonia or tuberculosis, while 
bronchiolitis fibrosa-obliterans may be differentiated 
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from acute disseminated histoplasmosis by the 
history, greater clinical severity, smaller nodules, and 
absence of hilar lymphadenopathy. Metastasis and 
pneumoconiosis are excluded by nonroentgeno- 
graphic means. 

Treatment consists of the administration of oxy- 
gen and prophylactic antibiotics along with bed rest 
during the acute phase. Adrenal cortical hormone 
has been of value in treating the delayed cases during 
the relapse phase. 

'The authors review the literature of 13 reported 
cases and add 2 new case reports.— James C. Moore, 
M.D. 


PETERSEN, JAMES A. Recognition of infra- 
pulmonary pleural effusion. Radiology, Jan., 
1960, 74, 24-41. (Address: Massachusetts 
General Hospital, Boston, Mass.) 


The present study consists of an analysis of 25 
selected cases of infrapulmonary pleural effusion. 
Ten cases were associated with heart disease, 7 with 
malignant neoplasm, 4 with hypoproteinemia (neph- 
rosis, cirrhosis), and 4 with inflammatory pulmonary 
or pleural disease. In 5 patients the process was bi- 
lateral; in the 20 with unilateral involvement, the 
effusion was on the right side in 14 and on the left 
in 6. 

Typically, an infrapulmonary effusion presents it- 
self on the posteroanterior upright projection as an 
apparently elevated leaf of the diaphragm, with a 
contour similar to a diaphragmatic shadow and just 
as dense. A characteristic form of this pseudodia- 
phragmatic shadow has previously been described 
as showing a gradual inclination upward and later- 
ally from the cardiac shadow, with a rather abrupt 
drop near the costal margin to form a sharp gutter 
similar to a normal costophrenic angle; however, 
this occurred in less than so per cent of the cases 
studied. Recognition of the effusion on the left side 
is usually not difficult because of the unusual separa. 
tion of the lung and the gas bubble in the stomach. 
In the lateral upright projection the pseudodiaphrag- 
matic shadow is again seen, but more often only 
the midportion of the upper margin of the fluid is 
rounded and the posterior gutter is filled. An infra- 
pulmonary effusion appears to reduce the volume of 
the lower lobe of the normal lung, while the remain- 
ing lobe or lobes seem to be unchanged in size and 
position. This produces a rather characteristic con- 
figuration on the upright lateral roentgenogram 
where the convex upper margin of the fluid meets 
the major fissure, forming a straight component of 
the pseudodiaphragmatic shadow anteriorly. In 
many cases the linear shadow of the major fissure 
above the effusion appears widened by the fluid 
entering the fissure. Lateral decubitus and supine 
roentgen studies may also be used to demonstrate 
the amount of hidden effusion, its mobility, and the 
true position of the diaphragm. Pneumoperitoneum 
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with upright roentgenograms may also be used to 
delineate the true level of the diaphragm and the 
exact level of the fluid. Fluoroscopy in the upright 
position ordinarily shows that diaphragmatic mo- 
bility is not impaired and that the upper border of 
the fluid maintains its contour and transmitted 
mobility; however, with suspended respiration, the 
upper shadow of the fluid may be seen to “shimmer” 
or undulate due to agitation by normal cardiac 
motion and, with deep expiration and lateral tilting, 
the fluid may be observed to spill out into the gutters 
and to assume the more usual appearance of pleural 
effusion. 

The exact nature of the forces responsible for 
localizing fluid in this peculiar position is not known. 
In general, it is agreed that gravity is proabably 
the main factor when there is a pleural space that is 
free of adhesions and a healthy lung above. =W. H, 


Jarvis, Jr., M.D. 


Burerin, James G., Dusots, Eomund L., and 
Jacosson, George. Chest roentgenographic 
changes in systemic lupus erythematosus. 
Radiology, Jan., 1960, 74, 42-49. (Address: 
G. Jacobson, 1200 N. State St., Los Angeles 
33, Calif.) 

Systemic lupus erythematosus is a chronic disease 
subject to spontaneous remissions and exacerbations. 
A single organ system may be affected but the disease 
characteristically involves many organ systems re- 
sulting in extremely varied clinical manifestations. 
In recent years attention has been focused on the 
chest roentgenographic findings in this disease pri- 
marily because of conflicting opinions regarding the 
specificity of observed roentgen changes. The pub- 
lished reports, including single cases and large series, 
show disagreement both as to the frequency and type 
of roentgen findings. In general, the larger series of 
cases indicates that the roentgen changes are not 
specific. 

Because of the conflicting reports, the authors con- 
d'icted a study of the chest roentgen findings in 207 
cases of lupus erythematosus. This study constitutes 
the largest reported series to date. The cases were 
classified as to the single and combined pleural, 
cardiac and pulmonary changes and the findings were 
further correlated with the duration of the disease. 

The observed pleural changes consisted of effusion 
or pleural thickening and were present as an isolated 
abnormality as well as in combination with cardiac 
or pulmonary Involvement. The abnormal cardiac 
changes consisted of nondistinctive enlargement, 
either isolated or combined with pleural and/or pul- 
monary involvement. The pulmonary changes were 
variable and nonspecific. Three cases exhibiting the 
variability of the pulmonary lesions are reported: 
one with infiltrative changes; one with manifesta- 
tions of pulmonary edema; and one with extremely 
varied serial changes including the transient appear- 
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ance of spherical lesions, one of which showed cavita- 
tion. It is interesting to note that no abnormality 
was present in 96 cases (46.6 per cent) which were 
not limited to the earlier stages of the disease. 

The authors conclude that, due to the great vari- 
ability in the reported series, one mus: be cautious 
in drawing conclusions on the basis of a single roent- 
genographic study. Although it is unusual, systemic 
lupus erythematosus may be present for many years 
and may even terminate fatally without a roent- 
genographically demonstrable thoracic abnormality. 
Combined involvement of the heart, pleura and lung 
is much more common than a single system involve- 
ment. Also, there seems to be a greater tendency for 
rapid change in pleural effusion and heart size in 
multisystem involvement than when the heart, 
pleura or lung is affected singly. Involvement of the 
lungs is less frequent than that of the heart or pleura 
and is not specific for the disease.—Edward B. Best, 
ALD. 


Fremanis, Aris K., and Mornar, WILLIAM. 
Chronic bronchitis and emphysema at bron- 
chography; survey of diagnostic features ob- 
tained by reviewing 2,000 bronchograms. 
Radiology, Feb., 1960, 74, 194-206. (Address: 
W. Molnar, Department of Radiology, Ohio 
State University Health Center, Columbus 
19, Ohio.) 


The purpose of this paper is to draw attention to 
the manifold bronchographic features of chronic 
bronchitis found in a study of 2,000 bronchographic 
examinations performed in a five year period at the 
Ohio State University Hospital. 

The bronchographic criteria of chronic bronchitis 
vary greatly in range and quite frequently a variety 
of changes will be found simultaneously in one pa- 
tient. The following changes have been observed in 
patients with chronic bronchitis and emphysema: (1) 
Spasm. On the bronchogram it is seen as a narrowing 
of the lumen with a gradual transition to normal 
caliber, and the extent of involvement varies greatly. 
The differentiation of spasm from organic obstruc- 
tion may be made by close observation or repeated 
examination. (2) Emphysema. Bronchographic fea- 
tures include the “leafless tree" appearance, separa- 
tion of the bronchial branches from each other, 
widening of the peripheral zones into which filled 
bronchial branches do not extend, bend:ng and dis- 
placement of bronchi around emphysematous blebs, 
and thinnning of the peripheral bronchial branches. 
(3) Increased and abnormal secretion. This is indicated 
by defects along the bronchial wall or nonfilling of 
part of the bronchial tree. (4) Obstruction. This may 
be due to spasm, secretion, or disease causing de- 
struction of the bronchial wall with subsequent scar- 
ring and obliteration of the lumen, in which case the 
differentiation between nonspecific inflammatory ob- 
struction and neoplastic or specific inflammatory 
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obstruction (e.g., tuberculosis) is difficult and usually 
has to be made on the basis of secondary evidence. 
(5) Patchy alveolization. This is due chiefly to ob- 
struction or different rates of air flow in the smaller 
branches of the bronchial tree. The regular peripheral 
filling can range from relatively mild uneveness to a 
striking major “patchiness” of filled peripheral bron- 
chioles and confluent alveolar filling with large sur- 
rounding areas devoid of any contrast material. (6) 
Bronchiectasis. This is the result of localized destruc- 
tion of bronchioles with “pools” or “bronchiolecta- 
ses” appearing as small round collections of contrast 
material. Occasionally there is cylindrical dilatation. 
“Spiders,” possibly better called “peripheral shadows 
with spiked outline,” are similar in origin and repre- 
sent filled dilated bronchioles with several distended 
side branches and without further peripheral filling. 
(7) Irregularity and deformity of the bronchial wall. 
This is due to localized mucosal destruction, local- 
ized dilatation of the bronchial lumen, and fibrotic 
contractions in the more severe cases of chronic 
bronchitis. Initially the process may cause only 
irregularity of the bronchial outline. (8) Dilatation 
of the larger bronchi. Remarkable localized dilatations 
of some of the terminal branches may be found in 
association with chronic bronchitis, and represent 
an unusual type of bronchiectasis. (9) Atrophy of 
the bronchial mucosa. This is manifested by the 
appearance of annular areas of slight widening and 
narrowing of the lumen, thought to be the result 
of atrophic thinning of the mucosa. (10) Mucous 
gland dilatation. The distended mucous glands are 
usually seen as small extensions of contrast medium 
beyond the lumen of the bronchus, most often in 
the walls of the major bronchi. Their presence on 
bronchograms is characteristic of chronic bronchitis. 
(11) Bronchial and tracheal inflammatory diverticula. 
Rarely, multiple diverticula of the trachea are found. 
Single diverticula of the trachea or major bronchi 
are found more commonly, and are usually the result 
of a developmental error in the branching of the 
bronchial tree. 

The pathologic findings obtained during bronchog- 
raphy are evidence of functional as well as morpho- 
logic changes and may provide detailed information 
necessary for accurate diagnosis and better under- 
standing of the process. Through the use of bronchog- 
raphy valuable information may be obtained about 
an extensive part of the bronchial tree not accessible 
to other examinations.— Walter H. Jarvis, Fr., M.D. 


JANIN, P. (Grenoble, France.) Intérêt de F- 
angiocardiographie dans |’étude des malfor- 
mations pulmonaires. (The value of angio- 
cardiography in the study of pulmonary mal- 
formations.) 7T. de radiol., d'électrol. et de méd. 
nucléaire, Sept., 1960, 47, 432—439. 

Cases are cited and roentgenograms are reproduced 
to show how angiocardiography may be of help in 
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the diagnosis and demonstration of pu:monary mal- 
formations. Agenesis and hypoplasia of the lung, 
sequestration, abnormal venous returns, and some 
abnormalities involving emphysema or other forms 
of abnormal air retention are demonstrated. The 
angiocardiographic findings are not only of value in 
helping to make the diagnosis but are of great aid 
to the surgeon in helping predict the anatomic find- 
ings before surgery is contemplated.—Charles M. 
Nice, Jr., M.D. 


Dauiry, F., and Neureip, H. Radiological 
diagnosis of anomalous pulmonary venous 
connection: a tomographic studv. Radiology, 
Jan., 1960, 74, 1-18. (Address: F. Dalith, 
Government Hospital, Tel-Hashomer, Israel.) 


An anomalous pulmonary venous connection is a 
congenital malformation in which one, several, or 
all of the pulmonary veins empty into the right 
atrium or one of its tributaries. This anomalous 
connection may be partial, in which case one or 
several, but not all, of the pulmonary veins empty 
into the right atrium or a systemic vein. Or the 
anomaly may be total, in which case all the pul- 
monary veins empty into the right atrium. The diag- 
nosis of this anomalous connection is important as 
it is one of the anomalies responsible for a left to 
right shunt that is amenable to surgical treatment. 
Knowledge of the presence of this anomaly will also 
be of value to the surgeon doing cardiac or lung 
surgery. 

The authors present a comprehensive review of 
the literature concerning this anomaly. In addition, 
a study is presented based on g patients in whom 
different types of the partial form and one of the 
total form of the anomaly were found. In this study 
the use of laminagrams was relied upon extensively 
to show the abnormal vascular morphologic details 
and to demonstrate the associated bronchopulmo- 
vascular malformations, This procedure may delin- 
eate clearly a disordered vascular pattern, the regions 
drained by the anomalous veins, the areas of lung 
traversed by them, the site of connections, and 
the width and shape of the vessels. 

The authors stress, however, that although a sur- 
prisingly detailed anatomic diagnosis can be achieved 
by laminagraphy it cannot be relied upon alone if 
surgical treatment of this anomaly is planned. This 
is because not all forms of anomalous pulmonary 
venous connections can be demonstrated by this 
technique. Also, the presence of any associated mal- 
formation, the most common of which is an atrial 
septal defect, can only be demonstrated by other 
means such as cardiac catheterization and angio- 
cardiography.—Donald N. Dysart, M.D, 


Broustet, P., WANGERMEZ, CH., DUHAMEL, 
J., Martin, P. L., Bricaunp, H., and Fonra- 
NILLE, P. (Bordeaux, France.) Etude com- 
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parative des résultats des mesures du volume 
cardiaque par la méthode de stratigraphie 
axiale transverse et les méthodes géomét- 


riques téléradiographiques. (Comparative 
study of the results of measurements of 


cardiac volume by the method of transverse 
axial stratigraphy and teleradiographic geo- 
metric methods.) ¥. de radiol., d'électrol. et 
de méd. nucléaire, Sept., 1960, 41, 417-431. 


Several teleroentgenographic geometric methods 
for determining cardiac volume are cited, giving 
errors of about 6-16 per cent. These methods were 
compared with one using axial laminagraphy. Al- 
though the error is less than 10 per cent with the 
laminagraphic method, the other procedures are 
probably easier to carry out and have ahout the 
same degree of reliability. 

It js concluded that cardiac volume is of more 


value in studying the evolution and prognosis of 


disease than in the original diagnosis. Charles 


Nice, Jr, M.D. 


Worr, BerNarp S. Roentgen features of the 
normal and herniated esophagogastric region. 
Am, T. Digest. Dis., Sept., 1960, 5, 751-769. 
(From: Department of Radiology, The 
Mount Sinai Hospital, New York, New York.) 
Recognition of a shding hiatus hernia more than 


; em. in size presents little difficulty to the examiner. 
Below this size it is much harder to demonstrate, 


especially if the functional and anatomic regions of 


the distal end of the esophagus are not well known. 
In this article a detailed description of this area is 
presented. The author also emphasizes use of the 
epithelial ring to demonstrate small hiatus hernias. 

Templeton’s phrenic ampulla is discussed and it 
is pointed out that, of all the various sized sacs 
cecurring during this phenomenon, the smallest sac 
that may persist and retain barium is ‘he phrenic 
ampulla. This phrenic ampulla is enclosed above by 
th® inferior esophageal sphincter (which is located 
approximately 1.5 to 2 cm. above the diaphragm 
hiatus) and below by the submerged segment. The 
upper level of the submerged segment is normally 
fosnd at the diaphragm hiatus. The submerged 
ment itself is about 2 cm. long. Its distal end, 
ied the cardiac antrum, merges into the stomach. 
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In EN with hernias, the pinchcock action of 


the diaphragm can be used to indicate the level of 
the hiatus. 

In reviewing. Templeton's and. Schatzki's rings, 
the author states that he feels both are anatomic 
gradations of the same thing, namely, the esophago- 
gastric epithelial junction. He feels that demon- 
stration of this ring above the hiatus is diagnostic 
of latus hernia, 

Is some patients with hiatus hernia the vestibule, 
whieh is composed of the phrenic ampulla and the 
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proximal portion of the submerged segment, can be 
exactly delineated if both the infericr esophageal 
sphincter above and the esophagogastric junction 
below can be demonstrated. If the epithelial ring is 
not prominent, the vestibule and hernia appear as 
one sac. Under normal conditions, the vestibule is 
usually not evident as a single distensible region. 
Howev er, sometimes it may be seen as a long empty 
segment between the esophageal segment and the 
distal portion of the submerged segment, It corres- 
ponds roughly to the sphincteric segment in the 


distal 4 cm. of the esophagus. William W. Foule, 
M.D. 

ABDOMEN 
Lecer, Lucten, and Crismer, Rocer. Le 


radiodiagnostic des pancréatites chroniques. 

(The roentgen diagnosis of chronie pancrea- 

titis.) dela gastro-enterol. belg., May~June, 

1960, 23, 396—449. 

In a rather lengthy but meticulous manner the 
authors present the various roentgen examinations 
s findings for chronic pancreatitis. 

. Plain roentgenograms. Two types of calcifica- 
tion are noted: (a) Rather large calcificat-ons about 
to mm. in diameter, with only one or a few fo. 
cated in the ducts; and (b) minute multiple cal 
careous deposits which may be either intracanalicular 
or within the parenchyma as part of a degenerative 
process in pancreatic tissue. These are best seen 
using both the anteroposterior and lateral projec- 
tions. 

Roentgen changes in the stomach and duo- 
denum. When there is enlargement of the vancreas, 
such changes are distinct, but if the pancreas is 
atrophic and small there may be no demonstrable 
changes. The following are among the abnormalities 
to be looked for: (a) antral bulbar duodenitis, or 
antritis and duodenitis; (b) widening of the duo. 
denal loop, which may be difficult to differentiate 
from carcinoma of the head of the pancreas; (c) 
deformity of the inverted “3” type, caused by pres- 
sure of the expanding head. (This also may be 
difficult to differentiate from carcinoma of the head 
of the pancreas.); (d) stenosis of the descending duo- 
denum, which may also be seen with carcinoma of 
the head of the pancreas; and (e) edema and enlarge- 
ment of the papilla of Vater. 

When lesions involve the body and the tail of the 
pancreas there is enlargement of the Kino. 
or retrogastric space with compression of the body 
of the stomach, deformity or displacement. There 
is disturbed motor function of the duodenum as well 
as of the antrum with irregular accentuation of the 
folds. 

Roentgen signs following oral and intravenous 
cholangiography. In the absence of cholecystitis, with 
normal liver function, studies of the ducts present 
the following: (a) diffuse retraction, which is uni. 
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form or rectilinear in appearance, of the pancreatic 
and retropancreatic portion of the common bile 
duct; and (b) stenosis involving the region of the 
papilla with proximal dilatation of the common duct. 
The dilated duct often presents a mght sided con- 
cavity due to pancreatic hypertrophy between the 
duodenum and common bile duct. This may not 
necessarily be diagnostic of pancreatitis as it may 
occur in carcinoma as well. 

When oral or intravenous cholangiography is not 
feasible, the common duct may be visualized by 
transhepatic or peritoneoscopic cholangiography. 

4. Laminagraphy following gastric and retro- 
peritoneal insufflation. Using air in the stomach 
anteriorly and. nitrous oxide for retroperitoneal in- 
sufflation posteriorly, the pancreatic mass is clearly 
defined anterior to the vertebral bodies. 

$. Splenoportography. The value of this study is 
based on the close relationship of the splenic vein 
with the tail and body of the pancreas, and of the 
portal vein with the head of the pancreas. In chronic 
pancreatitis the splenic or portal venous systems are 
involved with compression and distortion occurring 
and with resultant hypertension as determined by 
ond. studies. 

Pancre: uana 'This may be done by trans- 
eae al puncture into the main duct when it 
is dilated, by catheterization of the duct during a 
left hemipancreatectomy, or by transduodenal 
catheterization of the duct without prior sphincter- 
ectomy. The opacified duct will show such patho- 
logic changes as dilatation, irregularity, narrowing, 
and constriction, as well as stenosis— William H. 
Shehadi, M.D. 


Baker, Hiviier L., Jr., and Hoposow, Jonn R. 
Further studies on the accuracy of oral 
cholecystography. Radiology, Feb., 1960, 
74, 239-245. (Address: H. L. Baker, Jr., 
Mayo Clinic, Rochester, Minn.) 


In order to discover the degree of accuracy of 
cholecystographic diagnosis in the year 1957, the 
operative and pathologic findings of all surgically 
treated patients on whom cholecystograms had been 
obtained were correlated with the roentgen diag- 
noses. A total of 1,207 patients were available for 
this study. All these patients had been examined 
with the use of iopanoic acid (telepaque). The ac- 
curacy of the diagnoses in this series was then com- 
pared to that of two previous series in which iodo- 
alphionic acid (priodax) only and iodophenoxic acid 
(teridax) only were used. 

The results of this study showed that only 1.9 
per cent of all diagnoses were found to be in error 
compared to 2.7 and 2.4 per cent error in the two 
previous series. This reduction in error was felt to 
be the result of eliminating the “avoidable” errors 
discovered in the earlier series and thus improving 
diagnostic accuracy. The use of iopanoic acid 1 
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creased the number of gallbladders observed with 
higher concentrations of medium but there was no 
evidence that this increased opacity obscured tiny 
calculi or permitted visualization of abnormal gall- 
bladders which did not contain stones. 

An improvement in roentgenographic technique 
and interpretation was thought zo account for the 
correct diagnosis of normally functioning gallblad- 
ders in 98.3 per cent of these cases. Fewer gallblad- 
ders were called “poorly functioning,” apparently 
due to the use of the newer medium, iopanoic acid, 
and those that were given that diagnosis (3 cases) 
were found to be diseased. 

Stones were found in g8.o per cent of the cases 
diagnosed preoperatively as cholelithiasis. This is a 
slight decrease in accuracy from the previous series 
and was thought to be due to the misinterpretation 
of the findings made available as a result of the 
increased opacity of the medium. Polyps, papillo- 
mas, or adenomas were found in all cases in which 
they were reported. Among the gallbladders reported 
as nonfunctioning, 97.8 per cent were found to be 
diseased. This showed no change in the incidence of 
normal gallbladders in the nonfunctioning group. 

The authors discuss in detail their actual procedure 
of cholcystography, including the preliminary pre- 
paration of the patient, the roentgenographic tech- 
nique and positioning of the patient. Useful tech- 
nical adjuncts such as the use of dihydroxyphenyli- 
satin as a purgative, the use of a recently purified 
form of cholecystokinin to cause gallbladder con- 
traction, and the use of radiolucent plastic foam 
blocks to afford compression of the gallbladder area 
are mentioned.—D. N. Dysart, M.D. 


GENITOURINARY SYSTEM 


ABESHOUSE, BENJAMIN S., and ABESHOUSE, 
George A. Sponge kidney: a review of the 
literature and a report of five cases. 7. Urol., 
Aug., 1960, 84, 252-267. (Address: B. S. 
Abeshouse, Urological Department, Sinai 
Hospital, Baltimore 5, Md.) 


'The sponge kidney is a term applied to a rare di- 
sease of the kidney first described in 1939. The 
present authors review the literature, from which 
they have collected 131 cases, and they add 5 per- 
sonal cases. 

The most striking pathologic feature of this dis- 
ease is the presence of multiple small cystic cavities 
(1 to 3 mm. in diameter) confined to the pyramidal 
portion of one or both kidneys. These cysts may be 
spherical or irregular and are lined with pyramidal, 
cuboidal, or flat epithelial cells. The contents may 
be a clear fluid or fluid containing crystalline salts of 
calcium or varying sized calculi. Since the cysts con- 
nect with the pyelocalyceal system, they may be 
opacified by contrast substances used in pyelo- 
graphy. In the early cases, the kidney may be normal 
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or slightly larger than normal with no alteration in 
function. In later cases, deformity caused by calyceal 
compression from the ‘eyramidal cysts or by infec- 
tion, stone formation, py elonephritis, and hydro- 
Rep hross may be seen on the pyelogram. 

The etiology of this condition is not clearly under- 
stood but it is the consensus of opinion that faulty 
ontogenetic dev elopment i is involved. 

Sponge kidney is more frequent i in males than in 
females and more frequently is bilateral than uni- 
lateral. Calculi are present in the majority of cases 
when first seen, probably because they are the factor 
which calls the attention of the patient and the 
physician to an abnormal kidney. 

The diagnosis of sponge kidney may be made by 
intravenous or retrograde pyelography which will 
reveal the characteristic clusters of dye-filled cysts 
in the involved renal pyramids or the calculi in this 
distribution. Differentiation must be made from the 
microcystic form of polycystic disease, calyceal di- 
verticula, ureteritis cystica, acute and chronic pye- 
lonephritis with cystic changes, pyelogenic cysts, 
renal tuberculosis with cysts, nephrocalcinosis, and 
pyelotubular transflow. 

No specific treatment is known for uncomplicated 
cases of sponge kidney. Usually these patients are 
asymptomatic until the development of some compli- 
cation of infection, obstruction or stone and these 
complications are treated by the customary means. 
It is important, however, that the basic underlying 
pathology be recognized.—George W., Chamberlin, 


M.D. 


Harrow, Benepicr R., and Stoane, Jack A. 
Polycystic renal disease with renal and 
splenic artery aneurysms. J. Urol, Sept., 
1960, 84, 447-452. (Address, B. R. Harrow, 
2621 Biscayne Blvd., Miami, Fla.) 


The present evidence indicates that the most 
likely cause of polvcystic renal disease is a develop- 
mental defect in the germ plasm leading to numerous 
cystic formations in nephrons. 

Polycystic disease of the kidney is associated with 
cystic disease of the liver and pancreas and with 
“berry” aneurysms of the cerebral vessels. Such 
congenital defects may be transmitted by a dominant 
autosomal gene. 

A case report is included to illustrate the coinci- 
dental finding of left renal artery aneurysm, left 
splenic artery aneurysm, polycystic disease, and 
hypertension in a thirty-seven year old female. The 
questions which arose in the clinical evaluation and 
handling of this patient were: (1) should aortography 
be used to verify the finding of a ring calcification 
in the splenic artery region; and (2) should surgical 
treatment be utilized for a proved aneurysm? 

It may be advisable to use aortography in young 
people with hypertension when there is a reasonable 
chance of repairing or grafting the renal artery. In 
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these patients who have polycystic renal disease, 
nephrectomy is contraindicated. 

The incidence of aneurysms of the renal and splenic 
arteries has probably been considered to be lower 
than recent facts indicate. Careful dissection of these 
vessels at autopsy and further evidence disclosed by 
aortography points toward a more accurate identi- 
fication of these lesions George W. Chamberlin, 


M.D. 


Hitt, J. Epwarp, and Bunts, R. Cart. 
Thor: acic kidney: case reports. Y. Uro/., Sept., 
1960, 87, 460-462. (Address: J. E. Hill 
Medical Arts Building, Richmond 19, Va.) 


The authors present 3 patients in whom the left 
kidney was in an abnormally high position. This was 
visualized, on the roentgenogram, as a dome-shaped 
soft tissue mass in the left posterior thorax which 
might be mistaken for a hernia, neurofibroma or 
pleural cyst. The retrograde pyelogram demonstrated 
an elongated ureter with a high kidney showing a 
normal calyceal system. In one instance a pneumo- 
peritoneum helped to make the correct diagnosis. 
This condition represents a congenital anomaly which 

may be associated with a herniation through the 
foramen of Bochdalek or a congenital eventration of 
the posterior leaf of the diaphragm.—George W., 
Chamberlin, M.D. 


Fine, Myron G., and VERMOOTEN, VINCENT. 
Spontaneous extravasation associated with 
excretory urography. 7. Urol, Aug., 1960, 
84, 409-413. (Address: M. G. Fine, 616 
Medical Arts Building, Dallas, Texas.) 


The authors present 3 patients in whom extra- 
vasation of contrast medium was noted on intra- 
venous pyelograms. All cases had ureteral colic and, 
in 2 instances, opaque calculi obstructed the uretero- 
pelvic junction. 

In the discussion of this phenomenon, the various 
studies of Hinman and Narath were noted. The 
authors believe that the lymphatics of the kidney 
play an important role in the drainage of the pelvic 
contents and mav, in fact, act as a safety valve. 
When an excessive burden is placed upon the renal 
excretory system, a small lymphatic rupture may 
occur with spread of the contrast medium into the 
renal sinus, Gerota's capsule, and the peripelvic and 
periureteric areas, 

The literature contains 32 cases of extravasation 
of intravenously injected opaque medium similar to 
those described in this article. Conservative manage- 
ment is recommended unless the subsequent physical 
signs and symptoms warrant further intervention. 
Three composite illustrations show the intravenous 
pyelographic extravasation.—George W. Chamberlin, 
M.D. 
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Rooney, Donatp R. Post-voiding films as an 
aid to opacifying the obstructed ureter. 7. 
Urol., Aug., 1960. 84, 300-306. (Address: 
Department of Radiology, Kennestone Hos- 
pital, Marietta, Ga.) 


In this paper the author succinctly points out the 
value of a post-voiding roentgenogram in those in- 
stances of ureteral obstruction in which the site of 
the obstruction is not identified on the routine supine 
roentgenograms during intravenous urography. The 
technique consists of the simple expedient of allow- 
ing the patient to walk to the urinal and return to 
the x-ray room for a post-voiding roentgenogram. 
This procedure combines the advantages of delay 
in time, the use of gravity and agitation, and the 
change in ureterovesical pressures associated with 
micturition, all of which tend to enhance the value 
of subsequent roentgen studies. In the event that the 
patient is not ambulatory, the act of or effort at 
micturition may give added urologic information on 
the intravenous study. 

Six composite illustrations of intravenous pyelo- 
grams are presented to illustrate the value of the 
method.—George E. Chamberlin, M.D. 


BansBacH, WiLLIAM A., May, Roserr E., and 
Boaasu, Morton. Hypotonic bladder asso- 
ciated with sickle cell trait. Y. Urol., Sept., 
1960, 84, 470-471. (From: Surgical Service, 
Section of Urology, Veterans Administration 
Hospital, Philadelphia, Pa.) 


The authors have found 4 patients with vesical 
hypotonia among 16 patients with sickle cell anemia. 
All patients were examined because of hematuria, 
which is not an uncommon sign in cases of sickle 
cell anemia. Cystometry revealed a greatly enlarged 
bladder (capacity, 1,100 ml.) with weak detrusor 
urinae contraction and reduced proprioception on 
bladder distention. No vesical neck obstruction was 
present, 

In these patients with diminished sensory percep- 
tion, the differential diagnosis should also include 
pernicious anemia, tabes dorsalis, and other spinal 
cord disease. The authors postulate that ischemic 
infarcts in the nervous system may cause bladder 
hypotonia, but the exact mechanism has not been 
identified.—George W. Chamberlin, M.D. 


CHEYNET, M. Maurice. Étude radiologique de 
la bilharziose urinaire. (Roentgenologic study 
of urinary bilharziasis.) 7. d'urol., Paris., 
April, 1960, 66, 237-253. 

Infestation with Schistosoma haematobium (bil- 
harziasis) is very often associated with urinary in- 
volvement. The lesions are usually located in the 
terminal ureter, with stasis proximal to it. The re- 
sulting hydronephrosis leads to interstitial nephritis, 
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frequently with irreversible parenchymatous dam- 
age. It is very important to know that these lesions 
are commonly asymmetric which permits surgery to 
be considered. However, it is better, if possible, to 
re-establish ureteral patency at an early stage, and 
thus to save the kidney. 

The roentgen appearance, without a contrast 
medium, may be typical, inasmuch as the calcified 
parasitic ova deposited in the wall of the urinary 
bladder and in the lower ureters present very char- 
acteristic irregular ribbon-shaped, interlaced opa- 
cities interspersed with nodules of various densities 
and projected over the entire area of the urinary 
bladder. 

After intravenous opacification of the urinary tract 
one may study the pelviocalyceal dilatations, al- 
though they are not characteristic. As stated above, 
the ureteral strictures as a rule are located in the 
distal two to three inches near the cystoureteral 
junction and in the vicinity of the calcifications 
which indicate the presence of ova. 

There are millions of individuals suffering from 
urinary bilharziasis. Most of them reside in the 
tropics but, with modern transportation, one may 
find such a case in a temperate climate. The 
author, who lives in Madagascar, studied 43 patients 
with bilharziasis and in 29 of them he could demon- 
strate the existence of urinary tract involvement. 
In 9 patients, severe damage was found. Because 
symptomatology is very insidious, irreversible 
anuria may at times be the presenting symptom. 
Consequently, all patients known to have bilharzi- 
asis should have a thorough urinary examination, 
including intravenous pyelography.—E. R. N. Grigg, 
M.D. 


SKELETAL SYSTEM 


Lecré, J., and Serratrice, G, (Marseille, 
France.) Aspects radiologiques des tumeurs 
primitives du rachis et leur traitement; (à 
propos de quarante observations). (Radio- 
logic aspects of primary tumors of the spige 
and their treatment; [report of 40 cases].) 
J. de radiol., d'électrol. et de méd, nucléaire, 
May, 1960, 417, 217-229. 


Primary tumors of the spine are much less frequent 
than the secondary ones, which explains why they are 
not as well known. The authors were able to collect 
40 cases of their own, all with histologic proof. 

They have classified these tumors according to 
their tissue origin into: (1) tumors from skeleto- 
genetic tissues (osteochondroma, chondroma, and 
the more exceptional tumors, osteoma, lipoma and 
periosteal fibroma); (2) tumors from reticulogenetic 
tissues (reticulosarcoma or Ewing's sarcoma, and 
plasmocytoma); (3) tumors of vasculo-connective 
origin (angioma, myeloplax tumor, and aneurysmal 
bone cyst); and (4) vestigial tumors (vestigium of 
notochordae). 
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These tumors were further classified based on the 
following factors: 

Type. (1) In the osteolytic type, especially encoun- 
tered in malignant tumors, the lysis may be localized 
or it may produce a partial vertebral collapse or, 
when more advanced, a complete collapse. Some- 
times it may assume a pseudocvstic pattern. (2) The 
proliferative type, observed mostly in benign tumors, 
may vary in form from a localized condensation to a 
proliferative neoplasm. 

Location in the vertebral structure. (1) In the ante- 
ror three-fourths of the vertebra (22.5 per cent of 
their cases), it may produce a simple local osteolvtic 
notch or, at a later stage, it may lead to a cuneiform 
vertebra. (2) The intermediate zone (45 per cent of 
their cases), including the posterior one-fourth of the 
vertebra and the pedicles, proved to be the most 
frequent site of the tumors. This area embryologi- 
cally contains the intermediary ossification centers. 
The involvement of one or both pedicles will give on 
the anteroposterior roentgenogram a “one-eved or 
blind” vertebra, On the lateral view, a lytic marginal 
notch may be seen on the posterior aspect of the 
vertebra. (3) Posterior location (7.5 per cent of their 
cases) 1s less frequent and usually the tumors are of 
the benign proliferative types. 

In general, primary malignant tumors rarely give a 
characteristic picture and are confused with sec- 
ondary malignant tumors, whereas the findings in 
many benign tumors are pathognomonic. The axis 
and curvature of the spine are little affected; there is 
no great gibbosity with the acute angle such as that 
produced in Pott's disease and little if any scoliosis or 
kyphosis is present. Moreover, the intervertebral 
disk is usually spared. 

A detailed roentgenologic study of the various 
tumors is presented by the authors. They discuss in 
the malignant group, plasmocytomas, sarcomas and 
chordomas; and in the benign group, giant cell 
tumors, aneurysmal bone cysts, angiomas and chon- 
dromas, 

In the therapeutic considerations, the authors 
discuss the role of surgery or radiation therapy used 
separately or combined. The results obtained with 
each of these techniques are presented. P. 
Levesque, M.D. 








^ 


Worry, Mark H., Peen, Davin G., and 
Bieker, Wittram H. Localized destructive 
lesions in rheumatoid spondylitis. Radiology, 
Jan. 1960, 74, 54-56. (Address: M. H. 
Wholey, Mavo Clinic, Rochester, Minn.) 


Certain patients with rheumatoid spondylitis 
show striking destructive changes involving the 
intervertebral disks and adjacent vertebral bodies. 
The changes closely resemble some type of infection 
such as tuberculosis, brucellosis, or a pyogenic condi- 
tion. It is believed that the involvement of the inter- 
vertebral disk and adjacent bodies represents 
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destruction by a chronic inflammatory process re- 
sulting from the spondylitis. 

This manifestation of the disease s not widely 
recognized. Over a period of ten years (947 to 1956), 
10 patients with far advanced rheumateid spondylitis 
and roentgenologic evidence of involvement of an 
intervertebral disk and adjacent verzebral bodies 
have been seen at the Mayo Clinic. The localized 
destructive lesions in all 10 cases were similar roent- 
genologically. Biopsy of the affected area in 2 
patients showed chronic inflamatory lesions. In ali 
cases the lesions failed to show the progression that 
would be expected of other infectious or granuloma- 
tous processes. [n one patient there was evidence of 
spontaneous healing without specific treatment. All 
the patients were men. The average age at onset of 
symptoms was twenty-four years. In all instances, 
the disease had been in progress for at least ten years 
before exaggerated localized pain in the back led to 
further investigation. Roentgen exammation then 
revealed destruction of the interverteb-al disk and 
the margins of adjacent vertebrae. Destraction of the 
vertebral bodies was most pronouncec anteriorly. 
Early destruction was soon followed by csteosclerosis 
of the affected segment. 

One patient showed spontaneous resolution and 
subsequent ankylosis. [n another patien-, bone graft 
and fusion produced bony healing and relief of pain. 
All other patients were treated conservatively with a 
combination of body casts, antirheumatic drugs, 
and physical or roentgen therapy. 

Three typical cases are reported in detail. Arno 
W. Sommer, M.D. 


BLOOD AND LYMPH SYSTEN 


Base, S. P. Lymphangiography and venogra- 
phy in chronic filarial lymphoedema. Indian 
J. Radiol, May, 1960, 74, 89-98. (From: 
School of Tropical Medicine, Cakutta, In- 
dia.) 


The author studied the veins and lymphatic vessels 
in chronic filarial lymphedema. Lymphaagiography 
was done in 33 patients with lymphedema and in 4 
normal controls. The technique consistel of a pre- 
liminary subcutaneous injection of 1 t per cent patent 
blue-V in distilled water given distal to the site of 
exploration. This stained the lymphatics so that they 
looked like blue threads when they were exposed by a 
skin incision, Seventy per cent diodone vas rapidly 
injected into a vessel using a No. 160r No 18 needle. 
Roentgenograms were taken immediately and at 
two, five and eight minutes after injectioa. 

In lymphedema of the scrotum, an ircision was 
made at the junction of the scrotum and taigh, and 7 
cc. of diodone was injected. There was gcod visuali- 
zation of the lymphatics in 19 patients. Poor filling 
occurred in & patients with advanced disease. The 
opacified lymphatics were dilated and torzuous. The 
changes were most marked in the early stages of the 
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disease, In more advanced cases saccular dilatations 
and sudden narrowing were observed, but in general 
the opacification was poor. In early stages there was 
filling only on the side of injection and there was 
partial obstruction at the inguinal lymph nodes. 
With more advanced disease there was bilateral fill- 
ing of the scrotal lymphatics due to collaterals and 
there was complete obstruction in the inguinal region 
on one or both sides. In later stages of the disease 
there was no filling or poor filling. 

In studies of the lower extremity, 12 cc. of 70 per 
cent diodone was injected into a lymphatic vessel in 
front of the medial malleolus, In 6 patients the lym- 
phatics were numerous and were markedly dilated 
and tortuous. Retrograde filing was observed, 
whereas this was not present in the 4 normal controls. 
The site of obstruction was in the mid-thigh and in 
no case was there opacification of the inguinal lymph 
nodes. In 2 patients with hard non-pitting edema 
there was little or no opacification of the lymphatics. 

The breasts of 1 patient were studied by injecting 
IO cc. of 35 per cent diodone into one of the skin 
vesicles (dilated lymphatics). In the right breast, 
which was less severely involved by the disease, the 
lymphatics were dilated and tortuous and there was 
good opacification of the afferent and efferent chan- 
nels of an axillary lymph node. The lymphatics of the 
more severely involved left breast were poorly opaci- 
fied and none of the opaque medium reached the 
axilla. 

Venography was performed in 15 patients with 
lymphedema and there was no evidence of a signifi- 
cant abnormality in the involved upper or lower 
extremity. 

The author believes that early in the course of 
filarial lymphedema the lymphatics become dilated. 
As the disease progresses they become narrow and 
occluded and collaterals are formed. He feels that 
stagnation and the accumulation of fluid rich in pro- 
tein may cause hypertrophy of fibrous tissue. This 
leads to a permanent increase in the size of the part 
and explains the hard non-pitting edema seen in the 
late stages of filariasis.—7. L. Williams, M.D. 


GENERAL 


ALvAREZ-BonJA, Arturo. Ellis-Van Creveld 
syndrome. Pediatrics, Aug., 1960, 26, 301— 
309. (Address: Ahuachapan, El Salvador, 
Central America.) 


The second recorded case of the Ellis-Van Creveld 
syndrome occurring in siblings is reported. The 
patients, brother and sister, presented with short 
stature, involving mainly the extremities, prominent 
abdomens, lumbar lordosis and genu valgum. Other 
physical characteristics were brachycephalic skull, 
lopped ears, abnormalities of the teeth, thinning of 
the upper lips in the midline, and supernumerary 
digits. No cardiac abnormalities were found. The 
laboratory tests were essentially negative. 
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The roentgen findings were basicallv as reported 
previously. There was generalized thickening and 
coarseness of the tubular bones, acceleration of 
maturation of the secondary centers and retardation 
of the primary centers of ossification. In the. distal 
tibiae and fibulae there were areas of osteosclerosis 
intermingled with rarefactions. The heads of the 
radii and proximal ulnae were enlarged with narrow- 
ing of the opposite ends, Peaking of the proximal 
ends of the tibiae, described by Caffey as pathogno- 
monic, was well illustrated. Curvature of the humeri 
was present. The thoraces were narrow with horizon- 
tal clavicles. The third cuneiforms were absent bi- 
laterally in both cases. The articular spaces were 
normal. 

The microscopic findings consisted of decreased 
osteoid formation and loss of columnar arrangement 
of the chondrocytes. The intrinsic mechanism respon- 
sible is not known. 

The syndrome is apparently hereditary, trans- 
mitted recessively.—Barry Gerald, M.D. 


Gorson, ROBERT Owen, LIEBERMAN, JESSE, 
and Green, Marvin. A limited survey of 
radiation exposure from medical fluoroscopes. 
Radiology, Dec., 1959, 73, 858—910. (Address: 
R. O. Gorson, Jefferson Medical College Hos- 
pital, Philadelphia 7, Pa.) 


The authors present the results of a comprehensive 
survey of the radiation characteristics of 81 medical 
fluoroscopes. Twenty-two units were located in eight 
hospitals and four city clinics while the remaining 59 
were in the offices of physicians in private practice. 
The data were obtained by questionnaire, physical 
inspection, measurement of radiation characteristics, 
and determination of radiation exposure to the 
physician. 

'The radiation measurements were made with the 
field size of the primary beam adjusted to 10X 10 cm. 
at the panel surface or table top. The half value layer 
was determined by the inferential method whereby 
aluminum caps of varying thickness were machirred 
to fit over the sensitive volume of a Victoreen 25 r 
condenser ionization chamber. A ratio of the cham- 
ber reading with the cap on to the reading with the 
cap off was calibrated as half value layer function. 
The half value layer calibration curve for aluminum 
caps as used here is independent of tube potential. All 
readings were taken with the chamber in the center of 
the field, in contact with the panel surface, and cor- 
rected to an exposure dose rate at the panel surface 
according to the inverse square law. Scattered and 
leakage radiation at various positions around .the 
fluoroscope and in front of the fluorescent screen was 
measured by ionization rate meters, This information 
was used to calculate a "stray radiation index" (SRI) 
to allow comparison for machines and correlation 
with film badge readings. Fifty-three physicians were 
provided with two film badges each, with instructions 


Vor. 35, No. 2 


to wear one badge on the right arm and one on the 
left shoulder. 

Data from the physical inspection of the fluoro- 
scopic units disclosed wide variation from recom- 
mended safety precautions. About 40 per cent of the 
horizontal units and 97 per cent of the vertical units 
had target-to-panel distances measured or estimated 
to be less than 18 inches, the minimum distance 
recommended by the N ational Committee on Radia- 
ton Protection and Measurement (NCRPM). In the 
majority of machines, certain safety features for the 
fluoroscopist were absènt in that the machine could 
be energized with the screen out of position, and, at 
maximal shutter openings, the recommended one- 
quarter inch of unilluminated screen was absent. 
Many fluoroscopes did not have metal tube housings 
or shockproof c ables. 

The results of radiation measurement likewise 
revealed a wide variation. One-half of all the fluoro- 
scopes failed to meet the requirement that the expo- 
sure dose rate at the table top or panel surface not 
exceed 10 r per minute for routine fluoroscopy. Using 
aminimum acceptable half value layer of 2.5 mm. of 
aluminum, about 3o per cent of the fluoroscopes 
owned by ‘hospitals and radiologists and 80 per cent 
of the units owned by nonradiologists failed to meet 
this requirement. The stray radiation index (SRI) 
was higher for fluoroscopes owned by hospitals and 
radiologists. This is undoubtedly due to the higher 
tube potentials and half value layer used by these 
groups. Only 17 per cent of the fluoroscopes failed to 
meet the maximum screen transmission requirement 
of 20 mr per hour. The film badge readings were low, 
with an average value of about 5 mr per week for the 
right arm and 2 mr per week for ds left shoulder. 

The authors recommend the following standards, 
as used in their survey, to assure a reasonable degree 
of inherent radiation safety: half value layer of at 
least 2.5 mm. of aluminum; table top or panel expo- 
sure dose rate of 10 r per minute or less; exposure at 
the screen not to exceed 20 mr per hour; SRI not to 
exceed 5o mr per hour; and no part of the primary 
beam should extend beyond the primary roentgen- 
ray barrier. Probably not more than a half-dozen 
units would have met all the criteria but fully go per 
cent could be made acceptable by adjustments in 
filtration, shutter opening, shielding, or milliamper- 
age. 

The basic principles of good fluoroscopic technique 
are discussed, The authors conclude that improve- 
ment in standards of fluoroscopic practice will con- 
tinue to evolve primarily through the educational 
efforts of medical groups and institutions.— Edward 


B. Best, M.D. 


RADIATION THERAPY 


SCHEIDEGGER, S. Spätschädigung des Rücken- 
markes bei Róntgenbestrah lung. (Late dam- 
age to the spinal cord after roentgen ther- 


Abstracts of Radiological Literature 


391 


apy.) Radiol. ciin., Mar., 1960, 29, 65-70. 
(From: Pathologisch-anatomisches Institur 
der Universität, Basel, Switzerland.) 


A case report is presented of late damage to the 
cervical spinal cord following intensive roen tgen 
treatment of a squamous cell carcinoma of the pyri- 
form fossa. The patient was a known hypertensive 
when he underwent treatment. Soon after con pletion 
of radiation therapy, he developed ataxia and sensory 
disturbances. He expired two years after treatment 
with the cause of death being a cerebrovascular 
accident. Autopsy findings showed extensive hvalin- 
ization of the walls of the vessels within the area of 
irradiation and a diffuse demyelination with ganglion 
cell degeneration of the lateral columns. 

Tt is assumed that hyaline degeneration of the 
vessels was present at the beginning of the radiation 
treatment due to the hypertensive disease. Roentgen 
treatment aggravated this condition considerably, as 
the already damaged vascular walls seem to be more 
sensitive to the effect of irradiation.—Eckar/ 
Schackow, M.D. 


Decker, K., and Laurer, H. The results of 
treatment of hypophyseal tumours; a retro- 
spective survey. German Med. Monthly, Aug., 
1960, 5, 265-267. (Address: K. Decker, Uni- 
versitäts-Nervenklinik, Nussbaumstr. 7, Mu- 
nich 15, Germany.) 


One hundred twenty-four cases of hypophyseal 
tumors are discussed. Of these 103 were followed for a 
period of two to twenty-five years. Approximately 
one-third of these had features of acromegaly. Sur- 
gery was performed on so per cent of the cases while 
roentgen therapy was the initial treatment in the 
other 5o per cent. Surgery was performed by the 
transfrontal approach. Roentgen therapy w was done 
with Kohler's apparatus. The field size was 3 or 4 
cm., according to tumor size. The submaxillary field 
proved especially useful in a few acromegalics be- 
cause it gave good dosage distribution with decreased 
irradiation. of cranial nerves. This apparently was 
only possible because of the acromegalie physiog- 
nomy. Of the operated cases, 17 were eosinophile 
adenomas and £6 were chromophobe adenomas. The 
operative mortality was 16.4 per cent. 

The rate of recurrence was low for both roentgen 
and surgically treated groups. Of 103 patients, 72 are 
still alive and 52 of these are able to work and are 
considered cured; the condition of the remaining 20 
patients is unsatisfactory with endocrine and psychi- 
atric disturbances being mainly responsible for this. 
The hormonal upset is usually adrenal cortical 
insufficiency with symptoms of Addison's disease. Of 
39 patients treated with roentgen rays, 20 are healthy 
and able to work while t2 needed further surgery and 
irradiation. 

The authors call attention to the extrasellar exten- 


sion of these tumors as a factor in increased surgical 
mortality as well as in the reduced efficacy of roent- 
gen therapy. The subsequent course of the tumor 
seems to bear little relation to whether therapy was 
by surgery or roentgen ray. Contraindications to 
roentgen therapy include suprasellar damage and 
rapid deterioration of vision.— Darid Morse, M.D. 


peL Recaro, J. A., and Sara, J. M. The treat- 
ment of carcinoma of the lower lip. Radiology, 
Dec., 1959, 73, 839-844. (Address: J. A. del 
Regato, 2200 N. Cascade Ave., Colorado 
Springs, Colo.) 


The results of a study of 531 cases of carcinoma of 
the lower lip, treated between 1940 and 1953, are 
reported. In each case the diagnosis of carcinoma was 
confirmed by biopsy. The overwhelming majority of 
the tumors were well differentiated: 59 were of the 
verrucous type and 336 were Grade 1 carcinomas. 
There were 103 cases classified as Grade 11 and only 4 
as Grade 111. Grading was not done in 29 cases. Only 
33 (6 per cent) of the 531 cases in this series presented 
metastases on admission. In an additional 39 pa- 
tients, metastases subsequently developed. 

Most of the small lesions measuring less than 2 cm. 
in diameter and without metastases were treated by 
simple V excision. An absolute three year survival of 
81 per cent is reported for this group. Almost identi- 
cal results were obtained for this size lesion by curie 
therapy and roentgen therapy. 

Lesions 2 to 12 cm. in diameter were treated in 
most instances by roentgen therapy. The absolute 
three year survival averaged 73 per cent, being about 
the same for all therapeutic procedures. Roentgen 
therapy is regarded as the treatment of choice in the 
majority of lesions of moderate or large size in the 
absence of metastases. Surgical removal of larger 
lesions usually requires cheiloplasty, and the func- 
tional and esthetic results may be less satisfactory 
than those of roentgen therapy. Resection of the pri- 
mary lesion may be chosen to expedite the surgical 
treatment of a metastasis or to take care of recurrent 
carcinoma. Radical neck dissection is recommended 
as the treatment of choice for cervical metastases. 
Prophylactic neck dissection is not advocated as a 
routine procedure. 

A total of 103 additional patients were admitted 
with recurrent carcinomas of the lower lip following 
treatment elsewhere, In this group there were 26 (25 
per cent) with metastases, a proportion four times as 
great as that observed in those who had recetved no 
previous treatment. The curability of this group was 
inferior to the other group with all methods of treat- 
ment. Arno W. Sommer, M.D. 


Buscuke, Franz, and GALANTE, MAURICE. 
Radical preoperative roentgen therapy in pri- 
marily inoperable advanced cancers of the 
head and neck. Radiology, Dec., 1959, 73, 
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845—848. (Address: F. Buschke, University of 
California Medical Center, San Francisco 22, 
Calif.) 

Surgery and radiation therapy are not competitive 
or mutually exclusive. The well-planned utilization of 
both forms of treatment can be of great help in the 
management of properly selected cases. Close coop- 
eration between surgeon and radiotherapist in plan- 
ning prior to treatment and throughout the entire 
treatment course is necessary. The most significant 
progress in radiation therapy during recent years has 
been due to longer protraction and radiation of 
shorter wave length. It is possible to introduce high 
cancerocidal doses with preservation of the vasculo- 
connective tissues by the judicious use of these two 
modalities. 

The authors selected a number of patients with 
advanced epitheliomas of the oral cavity and oral 
pharynx for a planned combination of radical surgery 
with radical preoperative irradiation. The lesions 
represented differentiated epitheliomas of pillar, 
palate, floor of the mouth and gingiva, of a type that 
can be expected to infiltrate locally or to remain 
limited to the regional lymphatic areas for a long 
time, but too extensive for complete removal by pri- 
mary surgery. The aim was to carry the dose high 
enough for control of the peripheral portion of the 
tumor but without attempting to sterilize the more 
resistant central portion. Fields were large enough to 
include the peripheral portion of the disease. Radia- 
tion therapy was given at one million volts (3.2 mm. 
Pb half value layer) through a single field. The dose 
varied between 6,coo and 8,0co r (skin) in thirty-two 
to fifty-nine days, for a minimal tumor dose (calcu- 
lated at the most distant edge of demonstrable in- 
volvement) of 4,100 to 6,500 r. No attempt was made 
to include the lymph nodes, pa:pable or not, unless 
they happened to be in the field used for irradiation 
of the primary tumor. 

Surgery was done from one to five and one-half 
months after completion of irradiation. The interval 
should not exceed two to three months because of the 
progressive vascular and fibrotic changes. A com- 
bined operative procedure was employed whereby 
the primary lesion was removed ez bloc with the cer- 
vical lymph nodes. Between February, 1957 and 
February, 1958, 9 patients were accepted for the 
planned procedure. In 6 instances the treatment was 
completed as originally intended. In 2 patients the 
tumor regression was sufficient to warrant anticipa- 
tion of possible control by irraciation alone and sur- 
gery was abandoned. Surgery was abandoned in 1 
patient with carcinoma of the tonsil because true 
tonsillar carcinoma is not considered suitable for this 
type of operation. 

In spite of the heavy preoperative irradiation, 
there were no surgical complications bevond those 
associated with this type of surgery when done initi- 
ally. No fistulas occurred. No conclusions are possible 
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at this time regarding the final results, but it is em- 
phasized that the risk cf surgery in heavily irradiated 
tissue is not prohibitive-—drno W. Sommer, M.D. 


Bacresse, F., ENNUYER, A., and CHEGUIL- 
LAUME, J. Est-on autorisé a pratiquer une 
tumorectomie simple suivie de radiothérapie 
en cas de tumeur mammaire? (Is one justified 
to perform a simple tumorectomy followed 
by roentgen therapy in cases of breast can- 
cer?) 7. de radial, d'électrol. et de méd. 
nucléaire, Mar.-April, 1960, 47, 137-139. 
(From: Fondation Curie, Paris, France.) 
From 1937 to 1953, at the Curie Foundation, 100 

patients with breast carcinoma in Stage 1 and u 

underwent simple local tumor excision (tumorec- 

tomy) followed by roentgen therapy. The patients so 
treated had refused radical surgery, or had undergone 
surgery for an expected benign tumor which at his- 
tologic examination proved to be malignant, or were 
simply referred for this treatment by the surgeon. In 
all cases, surgery consisted of a simple resection of the 
tumor, and not the MaeWhirter type of mastectomy. 

According to the authors, rcentgen therapy must 
be started at the earliest possible time, and not later 
than the day the sutures are removed. The technique 
includes the use of 6 or 7 ports so distributed as to 
deliver a sufficient dose both to the mammary gland 
and lymph nodes. Minimum doses given were in the 
vange of 4,000 r to the skin, 6,500 r at the tumor site 
and 6,000 r to the axillary lymph nodes. Each port 
was usually given 4,000 r with an additional 1,000 to 
1,500 r delivered over a small area at the tumor site. 
The irradiation was protracted over a period of two 
and one half to three months. 

At the end of a five vear period, 64 per cent of all 
the cases so treated were alive and free of cancer, 
while at the end of ten years 50 per cent, that is, 11 
out of 22 cases, apparently were cured. Of the histo- 
‘ogically classified Grade 1 cases, 92 per cent were 
free of cancer after five years, but with Grades n, 11 
and tv the percentage fell to 53 per cent, showing the 
importance of the histelogy on the outcome of the 
creatment. The age of the patient when the cancer is 
diagnosed is a paramount factor, since patients under 
thirty-five years of age have the worst prognosis. 

Local recurrences have developed and two were 
encountered after eight and ten years in the Stage i1 
group. Of the ro cases with recurrences, 4 had under- 
gone surgery and had survived five years or more, 
bringing the total five year survival rate to 68 per 
cent, 

Objections to this treatment of breast carcinoma 
ere numerous and well known. However, this tech- 
nique is not proposed for indiscriminate use in all 
cases, It is to be considered as an exception and is to 
he used when patients refuse radical surgery. In 
Stage 1 and H cases, and with patients over thirty- 
five years of age, this technique vields results as good 
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as those obtained by other methods, The present 
technique also confirms the efficacy of roentgen 
therapy in the treatment of the breast tumor and the 
lymphatic extensions. These results corroborate 
those obtained by using roentgen therapy exclusively 
(Baclesse) and by MacWhirter's technique of simple 
mastectomy followed by roentgen therapy.-~Robert 
L Abbe, M.D. 


BERGER, Simon M., Inctesy, HELEN, and 
GersHon-Conen, J. Roentgenography and 
biopsy in mammary cancer. Radiology, Dec., 
1959, 73, 891-895. (Address: S. M. Berger, 
Albert Einstein Medical Center, Northern 
Division, Philadelphia 41, Pa.) 


The authors believe that roentgenography of the 
breast can achieve a high level of accuracy in the 
diagnosis of a benign or malignant lesion of the 
breast. Confirmed studies of a large number of pa- 
tients have shown that where the findings clearly 
indicate either a benign or malignant tumor, accu- 
racy is better than gs per cent. With less definitive 
roentgenographic findings, particularly in adoles- 
cents and some young adults, the diagnosis is less 
reliable. This occurs in approximately 10 per cent of 
all breast examinations. 

Malignant lesions as small as 0.5 cm. in diameter 
have been diagnosed and many (48) entirely unsus- 
pected or asymptomatic cancers have been found. 
The incidence of axillary lymph node metastases in 
these was only 13 per cent in contrast to 64 per cent 
in cases diagnosed at surgery. 

The cardinal roentgen criteria of carcinoma of the 
breast are: (1) the presence of an irregular or spicu- 
lated opacity, usually seen in scirrhous carcinoma; 
(2) a rounded opacity with localized notching or infil- 
tration as in medullary or adenopapillary tvpes of 
carcinoma; and (3) needle-point calcification ar- 
ranged in clumps, sometimes linearly and at other 
times widely scattered, frequently noted in duct 
carcinoma.— D. N. Dysart, M.D. 


BLOEDORN, FERNANDO G., and Cow ey, R. 
ADAMS. Irradiation and surgery in the treat- 
ment of bronchogenic carcinoma. Surg., 
Gynec. © Obst., Aug., 1960, 777, 141-146. 
(From: Division of Radiotherapy, Depart- 
ment of Radiology, and Division of Thoracic 
Surgery, Department of Surgery, University 
of Maryland Hospital, Baltimore, Md.) 

This is an encouraging report on the results of a 
combined method of therapy for bronchogenic carci- 
noma employing preoperative cobalt 60 teletherapy 
followed by pneumonectomy. Out of a series of 26 
patients for whom combined irradiation-operation 
treatment was planned, there wasa survival rate of 62 
per cent with survival times ranging from ten months 
to forty-four months. Fifty per cent of the group 
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which received combined irradiation-operation were 
considered inoperable. Of the 18 who received the 
combined treatment, 13 are alive and without evi- 
dence of disease to the date of this report. 

Irradiation was delivered by cobalt 60 supervolt- 
age apparatus achieving a tumor dosage of between 
5,500 to 6,000 r. After a two month postirradiation 
waiting period to allow sufficient time for the acute 
tissue reaction to subside, a pneumonectomy was per- 
formed. 

The following interesting facts were noted: (1) a 
high resectability rate following cobalt 6o therapy; 
(2) a low incidence of mediastinal lymph node metas- 
tases after irradiation; (3) a lowered incidence of 
distant metastases with this combined method of 
treatment; and (4) a lack of complications attributa- 
ble to this combined procedure.— B. Loitman, M.D. 


FierscHer, Norman and WALKER, RICHARD. 
Gastric carcinoma following successful ther- 
apy for primary gastric lymphosarcoma. 
South. M. F., Aug., 1960, 53, 965—968. (From: 
Divison of Pathology and Microbiology, 
University of Tennessee College of Medicine, 
and City of Memphis Hospitals, Memphis, 
Tenn.) 


The authors report a case of primary gastric lym- 
phosarcoma treated by subtotal gastrectomy and 
radiation therapy. This was followed in five years by 
a gastriccarcinomain the residual pouch with regional 
metastases. Both tumors were confirmed on tissue 
biopsy. The apparent cure of the previous lympho- 
sarcoma was substantiated on autopsy. 

The possible factors leading to the development of 
the gastric carcinoma are discussed —B. Loitman, 
M.D. 


Kent, Srantey W., and McKay, Donarp G. 
Primary cancer of the ovary; an analysis of 
349 cases. Am. F. Obst. 8 Gynec., Sept., 1960, 
80, 430-438. (Address: S. W. Kent, 42 Deer- 
ings St., Portland, Me.) 


This study consists of an analysis of 349 women 
with previously untreated primary cancer of the 
ovary seen at the Free Hospital for Women, Brook. 
line, Massachusetts, from 1904 through 1952. The 
follow-up period was at least five years. The micro- 
scopic grading of the tumors was done according to 
criteria established by Allen and Hertig. The clinical 
staging is the standard one proposed by Munnel and 
Taylor. 

The most common presenting symptoms were 
pain, abdominal distention and abnormal uterine 
bleeding. The five year salvage related to duration of 
symptoms for a period over six months is 42 per cent 
and 34 per cent when present for a lesser period of 
time. This probably indicates that the rapidly grow- 
ing tumors produce symptoms earlier than those with 
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slower growth. Ovarian cancer is less malignant in 
younger women and most frequently is found in the 
forty to fifty-nine year age group. 

The serous cystadenocarcinomas were most fre- 
quently encountered; 31.3 per cent of them were 
Grade 111, while only 7.1 per cent of pseudomucinous 
cystadenocarcinomas were so graded. Of patients 
with Grade 1 carcinoma, 65 per cent survived five 
years while only 10.4 per cent with Grade ur lived 
that long. These statistics confirm the prognostic 
value of grading. The five year survival according to 
stage is: Stage 1, 53.4 per cent; Stage II, $9 per cent; 
Stage 111, 40 per cent; and Stage 1v, 10 per cent. 

Immediate postoperative irradiation was given to 
the pelvis and low abdomen of 154 patients, while 173 
received no irradiation. The five year survival rate in 
the former group was 45.5 per cent and in the latter, 
32.9 per cent. The significance of the grade of the 
tumor related to the radiation response was most 
marked in Grade ut. In this grade, survival following 
surgery alone was 5.2 per cent compared to 18.8 per 
cent for roentgen irradiation and surgery. Stage 1 and 
1u showed an increase in survival rate following 
irradiation, whereas Satge rv did not. Serous and 
undifferentiated cancers showed good radiation re- 
sponse, while pseudomucinous and granulosa cell 
tumors in this series did not. Conventional roentgen 
therapy employing 200 kv. with 0,5 mm. copper fil- 
tration and a target distance of ṣo cm. was used. 
Portals of entry were 10X 15 cm. or 15 X15 cm. front 
and back, with usually two to the lower quadrants 
and one to the lower back. Exposures numbered 12 to 
20. Total doses at skin level varied from 3,000 to 
9,000 r. The dose to the midpelvic piane varied from 
1,400 to 2,600 r.—David Morse, M.D. 


TAKAHASHI, S., and Marsupa, T. Axial trans- 
verse laminagraphy applied to rotational 
therapy. Radiology, Jan., 1960, 74, 61-64. 
(Address: S. Takahashi, Hospital of the Uni- 
versity of Nagoya, Showaku, Nagoya, Ja- 
pan.) 

Accurate knowledge of the size and location of a 
lesion is necessary for proper and effective use of 
rotational radiation therapy. Various methods of 
determining the external contour of the body cross 
section have been described but they do not indicate 
the location, shape and size of the lesion, Axial trans- 
verse laminagraphy eliminates this objection in that 
it provides a roentgen-ray image of a cross section 
showing both internal and external contour. Such 
laminagrams are usually made with the patient in the 
erect position. However, the cross section of the body 
changes in shape with a change to the supine posi- 
tion. This problem has been eliminated with the 
development of a unit for supine axial transverse 
laminagraphy. 

The authors describe and illustrate their unit 
which was developed at the University of Nagoya, 
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Japan. Basically, it is a replica of the treatment table 
used in rotation therapy, around which a rotating 
frame was constructed. This frame, which rotates 
from o to 190°, serves as a mounting for the overhead 
tube and the synchronized rotating film holder which 
is beneath the patient. The essential features, there- 
fore, are a rotating tube and film holder, and a sta- 
tionary table. The central ray of the tube is set at an 
angle of 20? to the film surface; this produces a cross 
section considered to be 0.5 mm. thick. There is no 
distortion except for the magnification (X 1.3). 

À roentgenogram, or an axial transverse lamina. 
aram, made in this manner allows accurate position- 
ing of the patient with the lesion at the center of 
rotation and permits calculation of the size of the 
radiation field and the depth dose. Edward B. Best, 
MD. 


Kivdr, Jaromir, and Bex, VÁcraAv. Zum Ein- 
fluss der Röntger-Kontaktbehandlung der 
Hamangiome auf das wachsende Skelett. 
(The effect of contact roentgen therapy of 
hemangiomas on the growing skeleton.) 
Strahlentherapie, 1960, 117, 561-573. (From: 
Radiologische Klinik der Universitat Prag, 
Prag, Czechoslovakia.) 


Of 708 children given roentgen treatment for 
aemangiomas or nevi between 1945 and 1953, 571 
were re-examined in six to thirteen years. Between 
chem they had had 724 hemangiomas and 34 nevi 
created: 359 were of the head, 239 of the trunk, and 
162 of the extremities. Cosmetic results of treatment 
were classified as unsatisfactory in 12 per cent of the 
patients followed. All patients were treated with a 
contact roentgen therapy unit at £o kv., 2 ma., 2-4 
em. focal skin distance, and added filtration of 1 or 
2.5 mm. Al, but, otherwise, treatment varied consid- 
erably. Doses of 300-600 r at intervals of two, four, 
and six weeks were changed gradually to 100-200 r 
several times a week and finally to daily doses of less 
than 100-200 r. Total dose per series of treatments 

was $ graduall y reduced to 1,000-1,500 r. Forty-six per 
cent of the children received a single series of treat- 
ments, 38 per cent received two series, 12 per cent 
received three, and 4 per cent received more than 
four series. 

Osseous changes occurred in 9 per cent of the pa- 
tients; they varied from slight structural changes 
with shortening of 1-2 cm. of an extremity to ortho- 
pedic and functional abnormalities of considerable 
dinical importance. The frequency of some bone 
changes increased with the number of series of treat- 
ments administered, with the diameter of the area 
treated, and with decreasing age of the patient. Only 
7 per cent of the osseous changes developed in 
children who were over a year old when treated; 59.8 
per cent developed in children who were in their first 
sx months. 

As a result of this study, the authors (1) no longer 
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treat telangiectatic nevi with roentgen radiation; (2) 
they believe contact roentgen therapy—and therapy 
with harder rays or radium—to be contraindicated 
for hemangiomas near superficial epiphyses, e.g., 
digits, wrist, elbow, knee; (3) they have limited indi- 
vidual doses of contact roentgen therapy to a maxi- 
mum of 100-150 r, the total dose in a series to boo- 
700 r, and the total treatment to no more than two 
series; and (4) they have employed roentgen exami- 
nation in all follow-up studies because clinical 
inspection and comparison of external symmetry 
between treated and untreated extremities is insuffi- 
cient to detect skeletal changes caused by treat. 
ment.—Henry G. Moehring, M.D. 


SCHWARZWALD, Miran, and VUKADINOVIC, 
Gyorcyje. Die Bedeutung der Elektroenze- 
phalographie bei der Róntgenepilation der 
Kinderkópfe. (Electroencephalographic find- 
ings after roentgen epilation of children.) 
Strahlentherapie, 1960, 772, 242-25c. (From: 
Dermato-Venerologische Klinik der Medi- 
zinischen Fakultát Zagreb und Institut für 
medizinische Forschungen der Jugoslawi- 
schen Akademie der Wissenschaften und 
Kunst, Zagreb, Yugoslavia.) 


Thirty-two boys and girls from four to ten years of 
age underwent roentgen epilation and had electro- 
encephalography both before and, in most instances, 
seven days after therapy. Epilation was accom- 
plished by treating each of five fields with 350 r (100 
kv., 5 ma., 25 cm. focal skin e o.; mm. Al 
filter, half value laver, 1.2 mm. Al); when the pa- 
tient's head was small, the central field received only 
300-320 r. 

This epilatorv dose caused no change in the elec- 
troencephalographic tracings.— Henry G. Moehring, 
M.D. 


RADIOISOTOPES 


Cuerriin, Mervin D., BERNSTEIN, ROBERT, 
and Lancpon, Epwarp A. Varying responses 
to radioactive iodine (I9?!) therapy in hyper- 
thyroid patients. Ann. Int. Med., Feb., 1960, 
52, 349-361. (Address: M. D. Cheitlin (MC), 
Walter Reed Army Hospital, Washington 
12, D. C) 


A series of 14 patients, who were treated for 
hyperthyroidism with I, is presented, with the 
following types of responses: (1) euthyroidism after 
treatment with laboratory tests remaining abnormal; 
(2) euthyroidism resulting from a large total dose; (3) 
hyperthyroidism persisting after a large total dose; 
(4) eventual hypothyroidism after a large total dose; 
(5) abnormally low laboratory values after therapy 
with eventual return to normal; (6) temporary hypo- 
thyroidism, both clinically and by laboratory tests; 
and (7) hypothyroidism after a small dose of It 
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These cases demonstrated the variability of re- 
sponse to treatment, the difficulty of dose calculation 
and the perplexing problem of predicting the ulti- 
mate outcome on the basis of short-term laboratory 
or clinical follow-up. The formula used to treat a 
majority of these patients was roo uc I!!! per gram of 
the thyroid gland. 

The following factors were given to explain the 
varying responses to treatment: (1) the actual size 
and weight of the thyroid gland cannot be deter- 
mined accurately; (2) the formula used assumes 
equal distribution of the radioactive iodine through- 
out the gland, which is seldom true; (3) the amount 
of radioactive iodine in the gland at any one time 
depends upon the uptake of the radioactive iodine 
and the time when it is secreted by the gland; this 
will vary in each individual; and (4) there is a varia- 
tion in the response of the thyroid tissue to radiation 
from the radioactive iodine. 

In deciding which patients will be re-treated, the 
clinical state of the patient is the best guide, since the 
physician cannot rely solely upon the thyroid uptake 
and protein bound iodine determinations following 


the first treatment.—C. W. Ely, M.D. 


Perryman, CHARLES R., Pavsex, EDWARD J., 
and McAruisrer, Joun D. Clinical evalua- 
tion of radioactive chrome phosphate in the 
control of malignant pleural and ascitic effu- 
sions. Radiology, Dec., 1959, 73, 865-870. 
(Address: C. R. Perryman, 1400 Locust St., 
Pittsburgh 19, Pa.) 


The authors recommend radioactive chrome phos- 
phate (P™) as the agent of choice in preference to 
radiogold (Au!**), radioyttrium (Y®), and nitrogen 
mustard in the treatment of malignant pleural and 
ascitic effusions. The advantage of chrome phosphate 
is that of a pure beta emitter with a relatively long 
half life. In addition, the material is noncytotoxic and 
therapeutically effective in doses of 5 to 10 mc. One 
of the nitrogen mustard derivatives, thiotepa, merits 
further clinical investigation. 

Radioactive chrome phosphate was used in a total 
of 60 cases presenting either pleural or ascitic effu- 
sion. A dose of 5 mc was given in each case. Definite 
improvement was observed in 19 of the 38 cases of 
pleural effusion (50 per cent) and 10 of the 22 cases of 
ascitic effusion (45 per cent). Based on this experi- 
ence, the authors now recommend a dose of 10 mc in 
the abdomen and 5 to 8 mc in the chest— Edward B. 
Best, M.D. 


ALBERT, SOLOMON N., EccresroN, H. N., JR., 
Fujrra, T., Hunrer, Crarres H., and 
ALBERT, CHALOM A. Use of magnetic tape for 
recording radioactivity. Radiology, Dec., 
1959, 73, 923-926. (Address: S. N. Albert, 
Department of Anesthesiology, Washington 
Hospital Center, Washington 1o, D. C.) 
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Radioactive isotopes are frequently used as tracer 
material for diagnostic purposes. Sometimes inter- 
pretation of disappearance curves is rendered difficult 
because of weak doses or inadequate settings of the 
rate meter as to scaling and time factors. To obviate 
loss of valuable data, commercial tape recorders have 
been employed to register disintegration impulses. 
This does not interfere with the routine counting 
system. 

Details of wiring Nuclear-Chicago and Picker 
meters are given; a Norelco tape recorder was used. 
Tape recordings may be replayed by connecting to 
the input of a rate meter or scaler. By varying the 
replay speeds, poor quality curves can be improved 
for easier and better interpretation. 

Three schematic drawings and three reproductions 
of cardiac output dilution curves using this system 
are included.—7. C. Moore, M.D. 


Horst, Lars R., and VOUTILAINEN, ANTERO. 
Über kombinierte Röntgen- und Radiophos- 
phorbehandlung bei Mycosis fungoides. (The 
combined roentgen and racioactive phos- 
phorus treatment of mycosis fungoides.) 
Strahlentherapie, 1960, 111, 139-148. (From: 
Strahlenklinik und Dermatologische Klinik 
der Universitát, Helsinki, Finland.) 


After treating 5 patients with mycosis fungoides by 
a combination of radioactive phosphorus and roent- 
gen radiation, the authors permit themselves no far- 
reaching conclusions, but feel that: 

(1) P* is a useful therapeutic aid in treating 
patients with mycosis fungoides when the foci of 
disease are generalized, slowly growing, and not pro- 
ducing many or large tumors. It seems to have no 
effect in the rapidly growing, malignant forms, par- 
ticularly when biopsy shows increased capillary 
formation in the superficial layers af the skin. 

(2) P® should be given at intervals of ten to four- 
teen days, by mouth or vein, in doses of 5-9 mc to a 
total of 27-29 mc. If itis effective and if the patient's 
blood is not seriously depressed by the therapy, this 
treatment can be repeated for recurrences. 

(3) Local roentgen therapy was effective in all 5 
patients; it should be used, following P* therapy, to 
treat masses or local infiltrations. 

Four of the 5 patients were benefited by P® ther- 
apy (1 was improved dramatically). The fifth patient 
had extensive tumors and did not benefit. Radioac- 
tive phosphorus therapy caused anemia in 2 patients; 
1 of these also developed a thrambocytopenia.— 
Henry G. Moehring, M.D. 


HawriczkE, F., LANGNER, E., and SEEMANN, 
D. Zur Frage der zerebralen Radioangio- 
graphie. (Cerebral radioangicgraphy.) Strah- 
lentherapie, 1960, 117, 280-285. (From: Son- 
derabteilung für Strahlentherapie des Kran- 
kenhauses der Stadt Wien Lainz und Neuro- 


You. 85, No. 2 


logische Abteilung des Altersheims der Stadt 
Wien Lainz, Austria.) 


When so uc of radioiodine-tagged human serum 
albumen is injected into an antecubital vein, a scin- 
rillation counter over the confluence of the cerebral 
venous sinuses records a maximum count within 15— 
zo seconds in normals, 22-35 seconds in patients with 
abvious cerebral vascular disease, and 18-23 seconds 
m borderline cases. The curves for the normal sub- 
sects showed a rather abrupt rise and fall, while the 
curves for the definitely abnormal patients were 
much flatter. 

The next step was the simultaneous recording of 
counts over the carotid artery and the cerebral 
venous confluence after injection of the radioactive 
serum albumen. The authors found that count- 
maxima occurred at longer intervals than those 
reported from serial angiography (8.5-13.0 seconds 
tirom the carotid injection until clearing of the cere- 
bral vessels for the normals, and 12.5-16.0 seconds 
sor the arteriosclerotic patients). 

Five to ten minutes after administration of such 
vasodilators as ethylendiamine and purines, the time 
irom antecubital injection to the maximum count at 
the venous confluence was lengthened. The authors 
assume that this indicates a greater cerebral] vascular 
cross section, but they disclaim firm conclusions 
about the mechanism of this effect.— Henry G. 
Adoehring, M.D. 


MISCELLANEOUS 


Stone, Roperr S. The Gordon Richards Me- 
morial Lecture 1960: Factors influencing max- 
imum permissible doses of radiations. 7. 
Canad. A. Radiologists, June, 1960, 77, 26-34. 
(From: Department of Radiology and AEC 
Radiological Laboratory, University of Cali- 
fornia School of Medicine, San Francisco, 


Calif.) 


In his Lecture Dr. Stone interprets the "permissi- 
bledoses” set forth by the International Commission 
on Radiological Protection of which he is a member. 
There are different maximum permissible doses given 
tor exposure of the total body, extremities, and 
separate organs, as well as for various groups in the 
community. 

In 1934 the International X-ray and Radium Pro- 
tection Commission meeting in Zurich determined 
from all known facts a “tolerance dose” of 0.2 r per 
cay. In 1936 the Advisory Committee on X-ray and 
Radium Protection of the United States in National 
Bureau of Standards Handbook 20 lowered its “toler- 
ance dose" to o.1 r per day, because in the United 
States doses were measured in air as against skin dose 
measured on the Continent plus the fact that more 
penetrating rays of higher energy were being em- 
ploved in the United States. 

The early radiologists and physicists based their 
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“tolerance dose" on the biologic measure of a skin 
erythema which is (1) a threshold type of reaction 
and (2) dose-rate dependent. Since with fractionation 
of dosage a skin erythema could be prevented, it was 
believed that daily small repeated doses were “‘toler- 
able.” 

After Muller demonstrated that roentgen rays 
produced gene mutational effects which were addi- 
tive regardless of dose rate or fractionation, it was 
realized that this was a linear or non-threshold type 
of reaction. If this be true then there is no “tolerable” 
dose, and the setting of a maximal permissible dose 
becomes a matter of judgment when deciding upon 
an “acceptable risk." Three general effects, (1) life 
shortening, (2) leukemia induction, and (3) genetic 
effects, have important bearings on the permissible 
dose. Animal experimentation and statistical analy- 
ses in each of these categories find expert opinion on 
both sides of the question as to whether there is a 
threshold. Insofar as genetic effects are concerned, 
Dr. Stone opines we should assume that there is no 
threshold and keep gonadal exposure very low. 

The sensitivity of the embryo and fetus with re- 
gard to malformations and malignancies in childhood 
presents for women in the reproductive age a special 
hazard. The International Commission on Radio- 
logical Protection has given recommendations of 
maximal permissible exposure in most circumstances 
except in medical radiology. Here they feel the 
physician should balance the good to be accom- 
plished against any possible harm. All precaution 
should be taken to keep gonadal exposure to the 
lowest possible levels consistent with the patient’s 
medical needs.— B. Loitman, M.D. 


SEELENTAG, WALTER, and Krorz, Ericu. Die 
Strahlenbelastung der Bevölkerung durch 
Leuchtzifferblätter von Uhren. (Radiation 
exposure of the population from illuminated 
watch dials.) Strahlentherapie, 1959, 170, 
606—621. (From: Institut und Poliklinik für 
Physikalische Therapie und Róntgenologie 
der Universitat München und Róntgenab- 
teilung der Medizinischen Klinik der Stádt. 
Krankenanstalten, Augsburg, Germany.) 


Measurements on 38 different watches and clocks 
with illuminated dials demonstrated an average 
radium equivalent of 0.12 microgram for large alarm 
clocks, 0.08 microgram for travel alarm clocks, 
0.03 microgram for small alarm clocks, and 0.04 
microgram for wrist watches. Variations from the 
average were wide, up to five times the average value. 

The radiation dose to the user of these timepieces 
averaged: o.15 microroentgen per hour from the 
large alarm clocks, o.ro microroentgen per hour for 
travel alarm clocks, o.os microroentgen per hour 
for small alarm clocks, and 0.6 microroentgen per 
hour for wrist watches. The source-user distance was 
assumed to be 1 m. for the alarm clocks and 30 cm. 
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for the wrist watches. The local dose to the forearm 
from a wrist watch averages 300 microroentgens per 
hour. These doses pose no threat of somatic damage 
to the user. 

Sales personnel in a large watch store received a 
dose of up to 75 microroentgens per hour, an annual 
dose of go milliroentgens, approximately three- 
fourths of the natural background radiation level. 
Neither does this pose a threat of somatic radiation 
damage and, reckoned on the basis of the entire pop- 
ulation, the genetic hazard also disappears. 

The dose to the population from illuminated dials 
is estimated at 2.6 milliroentgens per person per year, 
about 2 per cent of the dose from natural background 
radiation, no genuine genetic hazard. 

Whether this radiation dose is acceptable in return 
for whatever advantages illuminated dials present is 
beyond the scope of this investigation.—Henry G. 
Moehring, M.D. 


Rrrz, Vicror H. Design of free-air ionization 
chambers for the soft x-ray region (20-100 
kv.). Radiology, Dec., 1959, 73, 911-922. (Ad- 


dress: National Bureau of Standards, Wash- . 


ington 25, D. C.) 


The present study was undertaken to supplement 
the design of the standard free air ionization cham- 
bers (as described in the National Bureau of Stand- 
ards Handbook 64), modified to measure ionization in 
the soft roentgen-ray region between 20 and 100 kv. 
Use of the standard free air chambers requires con- 
sideration of a number of factors. First, the roentgen 
is defined in terms of the ionization produced by the 
interaction of a roentgen-ray beam with a specified 
mass (volume) of dry air. This volume is influenced 
by three factors: the size of the diaphragm through 
which the beam enters, the length of the collector 
plate, and the electric field between the high voltage 
plate and grounded collector plate. The grounded 
lead box enclosure of the chamber causes distortion of 
this electric field however, and guard plates must be 
used to eliminate it. These plates themselves will also 
cause a certain amount of distortion, especially when 
they are close to the edge of the collector plate or 
when they are too widely spaced. Secondly, electrons 
produced by the interaction of the roentgen-ray 
beam and. the air outside the collecting region will 
travel through the collecting area and produce 
ionization. Conversely, electrons produced within the 
collecting area will pass outside the area before pro- 
ducing ionization. ‘Thus the proper design of the free 
air chamber requires a knowledge of the range of 
these primary electrons. Conditions may also exist 
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where photons scattered from the primary beam 
reach the collecting area and produce ionization. This 
scattered photon contribution must be determined 
and subtracted from the total ionization measured by 
the chamber. ` l 

Also, a correction must be made for the attenuation 
of the roentgen-ray beam by the air between the 
diaphragm and the center of the collector. This cor- 
rection becomes quite large when measuring soft 
roentgen rays. Decreasing the length of the air path 
between the diaphragm and collector plate will help 
nullify this factor but, in so doing, there is an increase 
in the distortion of the electric field caused by the 
guard strip system. As a result, the reduction of the 
air path distance is limited by its field distortion 
effect. 

The present study deals with the measurement and 
correction of the above mentioned physical factors; 
namely, the distortion of the electric field in the col- 
lecting region by the guard strip system, the range of 
primary electrons and the scattered photon contri- 
bution, and other corrections such as air attenuation. 
The apparatus is described in detail and several 
schematic drawings are presented to show the experi- 
mental free air chamber which was used. The field 
distortion study is described and the results are 
recorded graphically. The method for determining 
primary electron losses is outlined and a series of 
graphs show the results at varying kv. energies and 
filtrations. Data are also given to show the scattered 
photon contribution at various voltages and at vary- 
ing radii (cm.) from the roentgen-ray beam corrected 
to zero diameter. Reduction of the air path between 
the chamber diaphragm and the collector plate to a 
distance of § cm. was possible as a result of these 
studies. Values for air attenuation in this $ cm. dis- 
tance chamber were found to be about 0.15 per cent 
higher than similar values established by Day and 
Taylor using the standard free air chambers. Correc- 
tions for the humidity of the air may amount to plus 
0.3 per cent in the soft roentgen-ray region under 
ordinary laboratory conditions. Methods of calculat- 
ing this correction are found in Handbook 64. ° 

The maximum errors in the factors investigated 
here may be summarized as follows: field distortion 
and errors in measuring the length of the collector 
to.2 per cent, electron losses +0.1 per cent, scat- 
tered photon contribution +o.2 per cent and air 
attenuation +0.2 per cent. These values, combined 
with the estimates in Handbook 64 for uncertainties 
in the diaphragm area, charge measurement, etc. 
yield a probable limit of error of -- 0.5 per cent for the 
determination of exposure dose in r in the soft 
roentgen-ray region.—Z. Petrany, M.D. 
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By B. M. FRIED, M.D., F.C.C.P. 
Associate Attending Physician, Montefiore Hospital, 
Associate Visiting Physician, Morrísanic City 
Hospital, New York, New York 





TIOLOGY, diagnosis and treatment of virtually all benign and malignant 

tumors of the lungs, pleura and mediastinum are discussed fully in this 

practical work. Cancer of the lungs receives the major emphasis, with 
particular attention paid to early clinical manifestations. 


Text Abounds with Black and White and Color Illustrations 


Throughout, typical and atypical cases are discussed comprehensively and illus- 
trated with case reports, roentgenograms, macrophotographs and micraphoto- 
graphs. Adenoma of the bronchus, pleural tumors, and less common and rare 
tumors of the lungs and mediastinum are considered fully. Tumors of the 
lymphoid tissues, such as reticulum-cell sarcoma, lymphosarcoma, and Hodgkin’s 
disease: tumors of the thymus gland, neurogenic tumors, terato-dermoics and 
cysts are described in detail and amply illustrated. Two chapters are devcted to 
radiographic diagnosis. Metastases to the lings from visceral cancers and from 
lung cancer to visceral organs are discussed and illustrated with roentgenozrams. 


The description of each tumor is preceded by a delineation of the anatomy and 
physiology of the organ which gave rise to the new growth. This is believed 
to be a new approach to the subject. The possible role of environmental factors 
and occupation in the emergence and rapid rise of lung cancer is detailel, and 
the role of cigarette smoking in the genesis of the malignant pulmonary disease 
is discussed in a sound and comprehensive manner. 

Because this book considers tumors of the lungs and mediastinum from their 
earliest appearance and includes causative factors, it is of interest to all doztors— 
internists as well as general practitioners; thoracic surgeons, chest speeialists 
and radiologists. 
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THE TRAINING OF THE CANCEROLOGIST* 
THE PRESIDENT’S ADDRESS 


By THEODORE R. MILLER, M.D. 


NEW YORK, NEW YORK 


N GOING over the now well-established 

literature of the past presidents’ ad- 
dresses, I find that a great variety of sub- 
jects has been explored. The recent trend 
has been in topics of education and its 
various ramifications, but little has been 
said about the need for training oncologists. 
As this is a problem which poses some ques- 
tions which might be solved by members of 
this society, I have chosen the subject, 
“The Training of the Cancerologist." 

As a member of a group treating cancer 
in its many forms, I am impressed by the 
fact that approximately 7o per cent of the 
cgses seen in our practice have had previous 
treatment. For example, of the last 100 
patients with malignant melanoma, seen 
by us since Julv, 1958, 94 per cent had 
had previous treatment: 45 per cent had 
biopsy only and then were referred for 
therapy ; 6 per cent had what, in the light of 
our present knowledge, could be considered 
adequate therapy but there were recur- 
rences; and 42 per cent must be considered 
to have been improperly treated. The same 
is true of the soft tissue sarcoma patients 
referred to our service at the Memorial 
Hospital. On the gastric service, we are see- 


ing an increasing number of persistent and 
recurrent gastric cancer cases which have 
been inadequately treated but which can 
still be salvaged or palliated by further 
surgery. In reviewing this material, one is 
struck by the fact that over half of all previ- 
ously treated cases have been treated by 
general practitioners, the rest by general 
surgeons (some, Board certified) with no 
specific training in the treatmen: of cancer, 
or by radiologists who do only occasional 
therapy. 

Cancer is one of the few diseases in which 
early diagnosis and prompt and proper 
treatment make the difference between life 
and death. The 42 per cent of the previ- 
ously mentioned series, who must be con- 
sidered as having been poorly treated, were 
obviously hopeless on first consultation with 
us and subsequently lost their ives. Some 
of these could have been saved by proper 
initial treatment. It is a truism chat should 
require no elaboration that the physician 
treating cancer should have an intimate 
and extensive knowledge of tae biologic 
nature and behavior of the disease. This 
point is illustrated by the following case 
histories. 


* Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
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Fic. 1. Photograph showing the tumor of the left 
thigh of a one month old child. 


Figure 1 shows a one-month old child 
with a large tumor of the left thigh. He bad 
been seen by a radiotherapist who advised 
that he receive 4 treatments of 200 r each, 
given tangentially. A distinguished pedi- 
atric surgeon was called in consultation and 
recommended that amputation be done 
when the child recovered from the jaundice 
which had followed hormonal therapy and 
transfusion. Finally, he was seen by a trained 
tumor specialist, who, knowing the natural 
history of the disease (hypertrophic he- 
mangioma), recommended that no therapy 
be given, as the tumor would naturally 
regress. Fortunately, the child’s leg was 
not deformed nor amputated, and Figure 2 
shows the child at the age of four with the 
leg returned almost to normal. 

Figure 3 shows a similar case, first seen 
at the age of eight and one-half months. 
The child had been referred for amputation 
of what was thought to be a malignant 
tumor. Figure 4 shows the child at the age 
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of fourteen months, and Figure ¢ shows the 
child at the age of seven vears. No treat- 
ment was given because of the knowledge 
that the tumor would regress spontane- 
ouslv. There are reports in the literature 
of major amputations done for such tumors. 

Cancer is a relatively rare disease, as evi- 
denced by the fact that cancer patients oc- 
cupy only 7 per cent of the beds in the 
average general hospital in the United 
States. This material is even further diluted 
by division among the various departments 
or specialists. It is easy to see why the gen- 
eral surgeon, the internist, gynecologist, 
pediatric surgeon, urologist, dermatologist, 
etc., trained in general or university hos- 
pitals which are not particularly interested 
in the treatment of tumors, can have little 
experience or knowledge of the biologic 
historv of this protean disease. In contrast 
with this wide distribution of cancer cases, 





Fic. 2. Same child as in Figure I at the 
age of four. 
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Vic. 3. Photograph showing the arm of an eight and 
one-half month old child with hypertrophic 


hemangioma. : ; : NP 
SIM Vic. 4. Arm of the same child as ja Figure 3 


at the age of fourteen months, 
Memorial Hospital admits 9 times as many 
as any general hospital twice its size in New 
York City. Thus, a resident spending three 
vears at. Memorial Hospital would have 
experience with cancer equal to twenty- 
seven vears in a general hospital twice its 
size. Such concentrated. training and ma- 
terial certainly should lead to a better un- 
derstanding of the natural history of the 
desease and its proper treatment. 
Fortunately, many of the patients who 
have had previous treatment are still 
salvageable. It is disturbing to note, how- 
ever, the tendency for the highly trained 
specialist to apply to all forms of the dis- 
ease the only method known to him. It is 
common for us to see the radiotherapist 
continuing treatment where viable cancer 
is evident along with radiation necrosis in 
the surrounding tissues. The surgical prac- 
tice of taking multiple biopsies to deter- 
mine operability, in the presence of an 
evident cancer, can only be condemned as 





; ; : Fic. g. Arm of the same child as im Figures 
showing a lack of knowledge of the na- 3 and 4 at the age of seven ycars. 
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Via. 6. Large retroperitoneal liposarcoma, 


ture of the disease. The so-called “second 
look” principle indicates that the first look 
was obviously inadequate and that the ap- 
proach to the extirpation of the cancer had 
been timid. The principle of plucking nodes 
from a cancer-bearing area as one might 
pluck raisins from a bun shows complete 
disregard of the well-established procedure 
of block dissection. The extreme philoso- 
phies of the inexperienced, which are based 


on the behavior of cancer at either end of 


the normal distribution curve, lead either 
to the nihilistic attitude that all cancer is 
hopeless, or to the equally unrealistic posi- 
tion that the cancer NE can be salvaged 
by almost any minor procedure. The con- 
start reiteration of these fallacious princi- 
ples in the literature and in training cen- 
ters has done the cancer patient a great 
disservice. 


Theodore R. 
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The cancerologist should have a knowl- 
edge of the standard procedures in cancer 
surgery and a familiarity with the effects of 
ionizing radiations, as well as an under- 
standing of the chemotherapeutic and hor- 
monal approaches. The great significance 
of the biologic approach to cancer therapy 
is embodied in this principle. Although the 
usual feeling is that such training would re- 
quire the powers of the Trinitv, practical 
teaching and research in cancer must be a 
single discipline. In which field the trainee 
chooses to practice is an unrelated problem. 
The following case histories indicate that 
knowledge of the basic princ ples of all dis- 
ciplines is not beyond the comprehension 
of the ordinarv mortal. 

Figure 6 shows the operative specimen 
removed from a young woman, aged 
twenty-five, who was first seen in October, 
1921. She had a huge tumor in the left 
upper quadrant of the abdomen. She had 
been under the care of her physician be- 
cause of discomfort of ten months' dura- 
tion. À nodule had been removed from her 
left neck and a diagnosis of metastatic lipo- 
sarcoma had been made. A roentgenogram 
of the chest on admission showed a medi- 
astinal mass. The abdominal mass was re- 
moved in November, 1951. The patient was 
then given radiation therapy, using super- 
voltage, to the mediastinum and the bed 
of the excised tumor. The neck lymph nodes 
were treated with orthovoltage. as was a 
mass in the left popliteal space. A node 
appeared in the right carotid lymph nodt 
region and was treated with or thovoltage. 
In 1953, further disease appeared in the 
right neck and in the upper mediastinum. 
In December, 1953, an exploratory laparot- 
omy was done because of sv rptoms of 
intestinal obstruction, and Figure 7 7 shows 
the operative specimens of omentum, a seg- 
ment of the small bowel and a segment of 
the transverse colon which were removed 
because of involvement with metastatic lipo- 
sarcoma. In April, 1955, another area of 
disease was noted in the right neck and 
treated with radiation therapy. Since this 
time, the patient has remained well with no 
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evidence of any activity of the disease, a 
matter of five years. I feel certain that such 
successful combinations of radiation ther- 
apy and surgery are not uncommon in the 
experience of the members of this Society. 
This case illustrates the value of an over-all 
knowledge of both modalities of treatment, 
and their application by the same individ- 
ual. 

Figure 8 shows a male, aged fifty, with a 
sarcoma of the presternal region, who had 
been operated on eleven times by a sur- 
geon in an effort to eradicate a fibrosar- 
coma. He finally gave up at this point, and 
referred the patient to our institution for Fia. $. Photograph showing a sarcoma of the pre- 
treatment. The patient was still operable sternal region in a fifty vear old male. 
and possiblv curable. Figure 9 shows the 
operative specimen. The patient is now 
well, approximately ten months, without 
evidence of recurrence. 

The modern trend of the general hospital 
and the university hospital toward avoid- 
ing concentration of cancer patients and s 
treating them on the various specialty 
services 1s the fault of the administrative 
professors who are the planners of graduate 





medical education. The tendency for super- 
specialism to take over training, with the 
resultant isolation of specialties, is aided 
and abetted by the rigidity of rhe qualify- 
ing boards, which strive to narrow the 





Mic, 7. Operative specimens of omentum, small 
bowel and transverse colon showing recurrent Vic. 9. Operative specimen from the patient 
liposarcoma, shown in Figure 8, 
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scope of training and, consequently, ex- 
perience in other fields. The unique char- 
acter of the American Radium Society, in 
reality the oldest national scientific society 
primarily interested in the treatment of 
cancer, places it in the position to influ- 
ence the trend of postgraduate medical 
education. Of the 342 members from the 
United States, 155 hold academic rank. 
There are 67 members certified by the 
Board of Surgery, 163 members certified by 
the Board of Radiology, and 24 members 
certified by the Board of Obstetrics and 
Gynecology. There are a number of mem- 
bers certified by the Boards of Internal 
Medicine, Dermatology and Syphilology, 
Urology, and Pediatrics. The membership 
includes physicists, dentists, and even a 
veterinarian. With this broad representa- 
tion among the various certifying boards 
and the academic rank held by so many 
members, it is the most vital function of 
this Society, through its members, to train 
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men in the broad knowledge of the disease 
and, therefore, in better understanding and 
treatment of the cancer patient. 


139 East 36th Street 
New York 16, New York 
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E progress of radiation therapy in 
the last decade has been characterized 
by technical developments: the use of 
supervoltage, isotopes, moving field tech- 
niques and the application of more scientific 
dosimetry. At the same time verv little has 
been done to develop further the techniques 
of interstitial irradiation which have proved 
to be so efficient in the treatment of a num- 
ber of malignancies. The tendency in most 
radiation therapy centers is to abandon the 
use of radium in favor of external beam 
therapy even in cases where its efficiency 
has been proved by the good results ob- 
tained. Very few significant works in inter- 
stitial therapy have been published in 
recent years. The general tendency seems 
to be to exaggerate the disadvantages of the 
procedure rather than to look for improve- 
ment. 

In spite of all the advances made in 
modern external beam therapy, there is a 
group of condit ons which still is best bene- 
fitted by interstitial therapy, providing the 
indications, perr'ormance and dosimetry are 
properly considered. Undoubtedly, if more 
therapists become interested in developing 
the procedure, many of the objectionable 
features can be overcome or minimized. 
None of the objections against this tech- 
nique of treatment are insurmountable if 
enough effort and ingenuity are put into the 
endeavor. More emphasis should be placed 
on the benefits of interstitial therapy and 
all its possible indications in order to exploit 
its therapeutic potentiality; only after this 
trial is a fair comparison with other means 
of therapy possible. 


If one can avoid the haph azard proce- 
dures based only on empiric:sm, but still 
used today by many therapists, the whole 
field of interstitial therapy could be further 
developed on a more scientifc basis with 
wider indications, less risk, and better 
results. 

In recent vears there have been several 
attempts to replace radium as a source of 
gamma rays for interstitial irradiation. 
Co", Cet, Aut, Tal®, and Ir! are the 
most important of these substitutes. As 
expected, there is no significant biologic 
difference between the radiation produced 
by these sources and that produced by 
radium. In some cases the malleability of 
the sources (tantalum wire and nylon 
threaded cobalt or iridium) offers some 
physical advantages from the standpoint 
of adaptability to the anatomic area to be 
implanted; in others, exposure from these 
sources is reduced to a minimum. They all 
have shorter half-life as compared with 
radium; therefore, added difficulties in 
dosimetry and source replacement are en- 
countered. The flexibility of scurces is not 
a desirable feature in all cases. We believe 
that rigid radium needles are better for the 
performance of a good implantation in the 
oral cavity, vulva, vagina, and in all cases 
where a cylindrical volume or anv of the 
complex geometric pattern implants is indi- 
cated. The ideal approach is to have all 
tvpes of sources available and tc use the one 
most appropriate for each case. The flexible 
Isotope sources are particularly suitable for 
extensive implants in flat, superficial areas 
where a large single plane is incicated, 7.e., 
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chest wall recurrences from breast carci- 
noma, recurrences on the neck or groin after 
lymph node dissection, tumors of the skin, 
etc. The nylon threaded gamma-ray emit- 
ters offer the further advantages of reduc- 
ing exposure to the operator. 

As will be shown, in our institution an 
effort is being made to enlarge the indica- 
tions for interstitial therapy by the use of 
complex geometric patterns of source dis- 
tribution and by the implantation of bone 
and cartilage when involved by disease. Of 
course, these applications are possible only 
providing the proper distribution of sources 
and dosimetry are used. Uniformity and 
control of the dose are indispensable re- 
quirements if complications are to be 
avoided. 

There exists another possible application 
of interstitial gamma therapy which is 
worth further exploration: the combination 
of external beam and interstitial therapy. 
There are many instances, especially in 
head and neck and some genital tumors, 
where combined therapy would present 
distinct advantages since the volume of 
normal tissues irradiated to very high dose 
levels would be reduced. With the increased 
use of 2 parallel opposing fields of super- 
voltage irradiation, the addition of inter- 
stitial treatment could reduce late radiation 
effects and avert complications in many 
cases. 

This work represents the effort of our 
group to find the proper place for intersti- 
tial gamma therapy in the treatment of 
cancer. It is divided into four parts for bet- 
ter understanding. 


PART I. GENERAL PRINCIPLES 


A, ADVANTAGES OF RADIUM THERAPY (OR 

OTHER INTERSTITIAL GAMMA-RAY THERAPY) 
Even with the increased use of super- 
voltage irradiation, interstitial gamma-ray 
therapy is the treatment of choice in many 
malignant tumors of the well-differentiated 
type which can be adequately covered by 
an implant. No other technique of irradia- 
tion will either offer the same advantages 
or yield the same results. Interstitial 
gamma-ray therapy is the only means of 
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delivering supervoltage radiation where it 
is needed with maximum sparing of the 
normal tissues. The advantages can be 
categorized as follows: 

1. Accurate localization of the tumor and 
its extension. Since all implantations should 
be performed under general anesthesia, an 
excellent opportunity is provided for exam- 
ination by direct vision and palpation of the 
tumor. 

2. Irradiation is limited to the tumor bear- 
ing volume only with proper adaptability of 
the shape. Irregular shapes of the irradiated 
volume may be devised to conform to the 
shape of the tumor; due to the sharp fall-off 
of the dose in interstitial therapy, the irra- 
diation of the normal tissues is limited to a 
very short distance from the sources. No 
form of beam therapy can better spare the 
normal tissues. 

3. Supervoltage type of irradiation is used 
with all its well-known advantages. 

4. Due to the combination of (2) and (3) 
4 higher dose can be delivered safely when 
required. This may be useful in the case of 
some of the well-differentiated squamous 
cell carcinomas and in most adenocarci- 
nomas of the head and neck and genitalia. 
These tumors can be successfully treated by 
irradiation only by delivering a very high 
dose. 

5. Shorter treatment time. This is a defi- 
nite advantage in a busy department and 
generally represents less suffering and 
less economic stress to the patient. 

Surprisingly enough, and in spite of these 
definite advantages, interstitial radium 
therapy has not had the acceptance that it 
deserves, probably because the disadvan- 
tages of the procedure have been overesti- 
mated. The most commonly mentioned 
disadvantages will be enumerated along 
with some of the possible ways of minimiz- 
ing or avoiding them. 


B. DISADVANTAGES OF RADIUM THERAPY 


1. Irradiation of personnel and operator. 
This is no doubt the main drawback of the 
procedure. By using proper technique and 
protective devices in and out of the operat- 
ing room, together with adequate sharing of 
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the exposure among members of the staff, 
the radiation can alwavs be maintained 
below the maximum permissible level. 
Whenever indicated, the use of nylon 
threaded gamma emitters (Henschke?) and 
empty shafts which are filled with the 
proper isotope when the implantation is 
finished (Suit) will further help in diminish- 
ing the exposure. It is always more justifi- 
able to expose ourselves and our personnel 
(within tolerance limits) in the performance 
of a highly curative procedure rather than 
in one using some radioactive isotopes 
where the chances of curing a patient are 
practically nil. In our institution where the 
facilities are not ideal, we seldom exceed the 
permissible tolerance level of irradiation by 
the proper handling of radium, adequate 
technique, protective devices and the shar- 
ing of exposure among several operators. 

Lack of versatility limited indications. 
It à true that the indications for interstitial 
therapy are limited but with sufficient 
ingenuity and the use of complex patterns 
in the arrangement of the sources, the num- 
ber of cases properly treated by interstitial 
therapy can be considerably augmented. 
The use of surgery for the implantation i Is 
also a wav in which to further increase the 
adaptability of the procedure. 

It is a surgical procedure. This requires 
admission to the hospital, general anes- 
thesia, special skill of the therapist, etc. 
Except for the general anesthesia in poor 
risk patients, all other objections are unim- 
portant if the results are justifiable. 

More difficult dosimetry. In a well 
organized department of radiation therapy, 
this is not a disadvantage. In most cases the 
type of implants to be used can be calcu- 
lated in a short time with proper training. 
Elaborate equipment or special training 1n 
mathematics or physics is not necessary. 

5. Danger of tmplanting in or near bone or 
cartilage. This is not a valid objection as will 
be shown later. In order to obtain the best 
results from interstitial therapy, the care in 
planning the distribution of sources, the 
technique for the performance of the proce- 
dure, and the care of the patient under 
treatment must follow strict rules, and the 
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requirements should parallel those for 
major surgical procedures. It is unfair to 
expect good results from improvised plans 
or haphazard performances. 


C. REQUIREMENTS FOR A GOOD RADIUM IMPLANTATION 


Adequate supply of radtum needles. 
The needles should be adequate in number, 
length, and in their linear mtensity of 
radium (or other gamma-ray emitters) 
(Table 1). The proper supply of sources is a 
necessity if implantations with che required 
geometric pattern and which will deliver 
the dose in the proper time are to be carried 
out; we follow Regaud, Paterson,? and 
Martin* in prefering the treatment to be 
protracted between five to seven days. This 
protraction will give the best results with 
minimum damage to normal tissues. 

Proper indications. In our Service, 
interstitial gamma-ray therapy is the treat- 
ment of choice of any malignant tumor 
which requires a localized high cose of radi- 
ation, providing it is still limited to an area 
which can be adequately covered bv an 
implant, and the patient is a good risk for 
general anesthesia and is able to cooperate 
during the time that the needles are in 
place. 

A previously determined plan for the 
geometric arrangement of the sources. A 
sketch of the lesion with the possible ar- 
rangement of sources is made the day pre- 
vious to operation. This is used as a guide 
for the sources needed and as a model in 
the operating room. When a plar of definite 
geometric arrangement of sources is fol- 
lowed at operation, the dose delivered by 
the implant is always calculable. 

4. Careful operative technique. If it is 
recalled that interstitial treatment is a pre- 
cise treatment, it will be reelized that 
general anesthesia is indispensable for the 
proper performance of the procedure. 
Proper asepsis, careful measurement and 
mapping of the patient, good anchorage of 
each needle by suturing, and zood post- 
operative care are all important factors for 
successful treatment. 

5. Proper dosimetry. Accurate calculation 
of the dose delivered in each case is essen- 
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PROPER STOCK OF RADIUM NEEDLES FOR ADEQUATE RADIUM IMPLANTATION (FOLLOWING r ATERSON-PARKER) 


For Small Center 
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Ne af Unies mg. of Active Length Actual Length Pt Filter iie lin, E 
Radium (cm.) (cm.) (mm.) Gie 

10 „66 I 2 or less 0.5 „66 6.66 
10 33 I 2 or less 0.5 435 24135 
15 1.95 2 3 or less 0.5 „66 20.0 
15 „66 2 3 or less 0.5 „33 10.0 
3e 1.0 3 4.2 or less 0.5 +33 30.0 
3e 2.0 3 4.2 or less 0.5 „66 60.0 
ac 3.0 4.5 5.8 or less O55 „66 60.0 
2c 1.5 4.5 5.8 or less 0.5 235 30.0 

220 


Total 


Needles very useful but not indispensable 


No. of Units 


mg. of Radium 





Active Length (cm.) 


Actual Length (cm.) Pt Filter (mm.) 





20 1.65 3 Que 
15 L4 3 (Indian club)t 4.2 or less (o MUS 
20 2.1$ 4.5 (Dumbbell)* 5.8 or less 0.5 





(Dumbbell) * 4.2 or less 





* “Dumbbell” type of needles are “half-intensity” needles (.33 mg. cm.) with extra loading at each end. This extra charge when a 


row of needles is implanted makes a self crossing. 


T “Indian club” type of needles are “half-intensity” needles with extra loading in one end only. 


For Large Center 


The distribution of the radium should be the same. The number of needles should be greater, especially 


of 2, 3, and 4.5 cm. active. 


tial, in order to obtain consistently the best 
possible results with a minimum of compli- 
cations and recurrences and to be able to 
transmit to others the benefit of one’s 
experience. The means of calculation should 
be practical and realistic. 


D. DOSE-TIME RELATIONSHIP 


The scheme of dosage used in our Service 
is as follows: In general, as a base line we 
follow Paterson-Parker’s dosage system— 
7,000 r delivered in seven davs for rather 
early tumors in a good tumor bed with good 
blood supply. This dose-time relationship 
is modified as follows: 

1. The basic dose is decreased (6,000 to 
6,500 r in six to seven days) in case of: (a) 
areas of poor tolerance (axilla, groin, anus, 
etc.); (b) proximity to sensitive structures 
(lens of the eye, etc.); (c) very old patients; 
and (d) large volumes of irradiation, espe- 


cally involving large portions of bone, 
normal mucosa, or skin. 

2. The basic dose is increased (7,500 to 
9,000 r in seven days) in case of: (a) large 
masses of tumor such as in late tumors of 
the tongue, floor of the mouth, large and 
fixed lymph node metastases in the neck; 
and (b) more resistant tvpes of tumors, 
such as adenocarcinoma of the salivary 
glands, etc. 


E. INDICATIONS 


The main indications for interstitial 
therapy at the Division of Radiotherapy of 
the University of Maryland Hospital are as 
follows: 

1. Head and neck tumors. In lesions of the 
orál cavity, radium alone is used in (a) most 
squamous cell carcinomas of early and 
medium extension; and (b) occasionally in 
some extensive lip lesions without bone 
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involvement. It is used in combination with 
external beam therapy in all large squa- 
mous cell carcinomas. 

In lesions of the oropharynx, radium is 
used in combination with external beam 
therapy in some cases. 

In lesions of unusual anatomic locations, 
ie., through bone and cartilage (ethmoid, 
anterior portion of nasal septum) radium is 
oceasionally used after exenteration of the 
maxillary antrum or orbit. 

For neck lesions, radium is used alone in 
cases of postoperative skin recurrences and 
in combination with external beam therapy 
for all medium and large Ivmph node 
metastases. 

2. Skin tumors. Interstitial therapy for 
skin lesions is used in special cases only. 

3. Breast tumors. Interstitial therapy is 
used for recurrences in the chest wall and as 
a complement to external irradiation in 
advanced tumors. 

4. Tumors of female genitalia. Interstitial 
therapy is used in cases of tumors of the 
vulva and in groin metastases. It is always 
used as a complement to external irradia- 
tion in tumors of the vagina and in some 
cases of cervical stump tumors. 

5. Tumors of the anus. Interstitial ther- 
apy is used for early or medium sized lesions 
of the perianal skin and in some early 
tumors of the anal canal. 

6. Bladder tumors. Interstitial therapy is 
used mostly as a complement to external 
irradiation in infiltrating, large, well-differ- 
entiated tumors. 

7. Tumors of unusual sites. Interstitial 
therapy is used in areas not usually im- 
planted: recurrent rectal carcinoma in 
perineum, vagina and recurrences in the 
groin, and also in surgically exposed areas: 
vagina, parametrium, pharynx. 


PART If, TREATMENT OF ADVANCED 
SQUAMOUS CELL CARCINOMA OF THE 
HEAD AND NECK BY INTERSTITIAL 
RADIUM IMPLANTATION 
COMPLEX PATTERNS 

Squamous cell carcinoma arising in the 
mucosa of the oral cavity and upper respir- 
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atory and gastrointestinal tract is highly 
curable by irradiation when the proper 
treatment is applied early. The treatment 
of early cases is fairly well established and 
will not be mentioned here. The discussion 
will be limited to the treatment of the more 
advanced stages of the disease. 

These tumors exhibit characteristic and 
fairly constant patterns. Patients who come 
for treatment present different stages of 
evolution and extension of the disease, and 
can be grouped as follows: 

1. Advanced local extensions. The pri- 
mary tumor has progressed loca ly without 
Ivmph node metastases in the neck or with 
only small lymph node metastases in the 
first echelon of lymphatics (close to the 
primary). The lesion may invade bone, 
destroy adjacent organs, impair vital func- 
tions, and produce pain, infection and 
hemorrhage. This comprises a airly large 
group of cases (Fig. 1 through Fiz. 6). 

2. ddvanced metastases in the neck. In 
these patients the local extension of the 
tumor is not the striking feature of the 
disease; the metastases in the reck lymph 
nodes are the outstanding signs. In some 
cases the lymph node metastasis 1s single 
but locally advanced to large size, fixed to 
the vessels and/or bone (Fig. 71; in others 
the metastases are multiple ard even bi- 
lateral. These tumors produce lirtle discom- 
fort to the patient. The primary tumor is 
sometimes early and even difficult to find, 
but it is more often fairly advanced. 

3. Advanced local disease and netatastases 
in neck dymph nodes. Forturately, this 
comprises a rather small group »f patients. 
The disease is very advanced in both the 
primary site and in thelymph nodes (Fig. 8 
and Fig. 9). 

4. Postoperative recurrences. In some 
institutions this group of patieats may be 
verv large. Often the primary lesion has 
been controlled surgically and the recur- 
rence is in the neck, with or witaout a radi- 
cal neck dissection having beer. performed 
(Fig. 10). In other instances, the recurrence 
is in the area of the primary tumor. In 
many patients the actual disease does not 
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Fra. 1. Extensive infiltrating carcinoma of the floor of the mouth, This type of carcinoma carries a very poor prognosis especially 
when treated by external irradiation alone. A fair number of cases can be better controlled by interstitial therapy, 
provided the proper implant, often extensive, is used. Depending upon the extent of the disease and the direction of its 
spread, we have been employing the implants shown in schematic form: 

(a) In cases of small and medium sized tumors without much infiltration or extension outside the local area, we use a 
single volume implant for anteriorly placed lesions and a double plane implant for those situated laterally (Fig. 
2 and 3). The needles are implanted through the tongue. No crossing is used since this will only increase the reaction 
in the dorsum of the tongue without contributing to the treatment of the lesion. Silver clips are used to make certain 
that the position of the needles is correct (Fig. 3). 

(b) If the tumor shows a definite infiltrating tendency, we add to the intraoral implant a submental one which 
generally is a curved double plane implant (Fig. 4) or another volume implant, depending upon the shape and size of 
the submental region. It has been our experience that these tumors have a marked tendency to recur in the submental 
area if treated by intraoral radium alone. This modification of technique is intended to treat the possible undetected 
extensions in that direction and has, so far, been efficient in all cases. 

(c) If the lower gum is invaded by the tumor (including extension into the bone) a palisade-like, curved plane of 2 cm. 
active length needles (A) is added to the volume (B). This plane is implanted in the buccal and labial mucosa opposite to 
the extension of the tumor with appropriate margin (Fig. 13). 

(d) In some patients with lymph node metastases in the submaxillary area or upper carotid chain, the implantation 
has to be extended to those areas, lateral wings (C) in the submaxillary areas being added to the submental volume 
(D). Figure 5 shows a case in which an implant of this type was used. 


represent a true recurrence but rather 
residual disease or surgical seeding which 
reproduces the gross tumor shortly after 
operation. 

5. Distant metastases. 

The therapeutic management of all these 
patients is difficult, interesting, and, in 


many cases, rewarding. In most of the pa- 
tients, the disease will remain localized 
above the clavicle for long periods of time 
and death is usually caused by local exten- 
sion (infection, pain, functional impairment, 
and hemorrhage). In disease of this type 
which is still localized to a rather small 








Vic. 2. WS, 72 W M. Squamous cell carcinoma af the floor of the mouth, extending to the undersurface nf the tongue. 

(7 and B) Double plane implant (dumbbell needles). The clips indicate the medial plane. The patien: pulled our the 
whole implant after 3,500 r had been delivered in 88 hours. Treatment was completed by delivering a tumor dose of 
4,000 r in 4 weeks by telecobalt therapy. 

(C) Lesion before treatment and (D) more than 2 vears after treatment. 


segment of the body there should be little, 
if any, place for palliative treatment. 

All the groups mentioned above deserve 
radical therapy aiming for a cure even if we 
know that the chances are that only palli- 
ation will be achieved in many cases. With 
radical treatment the palliation obtained is 
onger lasting, and some cases deemed 
Yopeless may be brought under control. In 
fact, nothing less than radical treatment 
will control extensive, painful, ulcerated 





primary lesions and alleviate pain and 
hemorrhage. The local palliation generally 
achieved justifies radical therapy, even in 
patients with distant metastases providing 
the general condition warrants i-. 


GENERAL CONSIDERATIONS OF TREATMENT 
Most of the patients with advanced 
squamous cell carcinoma of the head and 
neck present a difficult problem of tech- 
nique if they are to be treated p-operly. It 
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Fic. 3. Lb. ss W M. Squamous cell carcinoma of the floor of the mouth, mainly exophytic. 

(A and B) Single volume implantation without crossing using all half-intensity needles was performed through the 
tongue, Unless the tongue is fixed by the tumor invasion, it is anchored to the floor of the mouth by a mattress sutuge, 
avoiding the lesion, The silver clip marks the level of the lesion. Hf the roentgenograms show that the clip is not near the 
middle of the needle length, the implant is unsatisfactory and should be removed. The treatment is then completed by 


external irradiation. A dose of 7,000 r was given in ^ days. 


(C) Lesion before treatment and (D) 2 years after treatment. 


is well known that the majority of squa- 
mous cell carcinomas of the head and neck 
are tumors of moderate radiosensitivity. 
The dose required for their sterilization is 
high. In many cases the lethal dose is very 
close to the maximum tolerance of the nor- 
mal tissues making up the tumor bed. If 
external beam irradiation is to be used, 
especially in cases with neck metastasis, the 
tolerance is limited bv: (1) thelarge volume 


to be irradiated, including a great surface of 
skin, mucosa, bone, and cartilaze; (2) the 
inevitable irradiation of vital structures of 
limited tolerance, such as larynx, spinal 
cord, lens of the eve, etc.; (3) tke patient's 
reaction to therapy. The functional impair- 
ment due to epithelitis and mucositis pro- 
duces pain, dysphagia, suppression of 
salivary flow, etc. In extreme cases, discom- 
fort or starvation may necessitate cessation 
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Fie. 4. BA, 46 N F. Synamous cell carcinoma of the floor of the mouth, with marked infiltration toward the roet of the tongue 
and the submental region, The lesion invaded the periosteum but there was no evidence of bone destruction. 
Ld and B) Due to attachment to the bone a combined approach was elected. A tumor dose of 3,009 r In 2 weeks 
wis delivered by telecobalt therapy and then radium implantation was performed. It consisted of an int-aoral volume 
and a submental horse-shoe double plane implant as shown in Figure 12. A dose of 3,s00 r in bo hours was delivered 


by the implants. 


* (C) Lesion before treatment. (D) The lesion in the mouth remained controlled, but the patient died after 2 years with 


uncontrolled supraclavicular metastases, 


of all forms of radiation therapy. 

Except for the better tolerance bv the 
skin and bone, the foregoing limitations are 
no less valid when supervoltage therapy is 
employed. 

In order to reduce the total volume of 
irradiation and to avoid the inclusion of 
sensitive structures, interstitial radium 
may be used. In many of these cases a 
radium implantation can be devised which 
will properly irradiate the primary lesion 
and the metastases in the neck, if present, 


delivering a very small dose to tae larynx, 
pharynx, or spinal cord. In cases where it is 
doubtful that the radium implart is satis- 
factory at the beginning of therapy, an- 
other alternative may be considered: a 


combination of external irradiation (con- 
ventional or supervoltage) and radium 


implantation. 

Interstitial radium therapy has an im- 
portant area of application in the treatment 
of postoperative recurrences of aead and 
neck tumors, most of which arise in a poor 
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tumor bed with a disturbed blood supply 
surrounded by considerable scar-like fi- 
brous tissue. Because of this, they are more 
resistant to irradiation. Thev require a 
higher dose and the technique of treatment 
is generally more difficult, particularly 
since the tissues have a poor tolerance to 
irradiation. Interstitial radium therapy is 
preferable in most of these cases since the 
dose can be raised to higher levels without 
danger of producing permanent damage in 
the normal tissues. 

In the treatment of advanced tumors of 
the head and neck with any technique, 
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radium alone or combined with external 
beam therapy, it is always advisable to 
deliver a higher dose where the mass of the 
tumor is larger and a lower dose to the less 
voluminous peripheral extensions of the 
tumor. This is in agreement with two gen- 
eral principles of irradiation of cancer, 
originated at the Fondation Curie (Paris) 
and stressed by Fletcher in this country. 
Thev are: (1) the central portion (the older 
part) of the tumor is more resistant to irra- 
diation than the peripherv (the growing, 
younger part) and (2) the sensitivity of any 
tumor is in inverse ratio to its size. 








the mouth. There was involvement of the 


root and anterior two-thirds of the tongue which was almost completely replaced by tumor; the lower gum was exten- 
sively involved and there was questionable bone invasion. Several small hard lymph nodes were palpable in both the 


submaxillary and the submental regions. 


(4 and B) Radium implants of a complex pattern were used, composed of 2 volume plus a palisade curved plane im- 


plant for the primary lesion and a single plane implant of fullintensity needles for both submaxillary areas, Both 


carotid chain areas of the neck were treated “prophylactically” by telecobalt therapy. The dose was 6, 
orin 99 hours for the submental implant; and 7 


for the primary lesion and its extensions; 6 
cm. for each submaxillary planc. 





rin 103 hours 
> rin bo hours at o 








(C) Lesion before treatment. The irradiation and its reaction were very well tolerated by the patient. He had a residual 
ulceration in the area of the frenulum which took almost a year to heal. (D) The patient is free of disease after 2 years, 


The radiation changes in the tissues are minimal, 





Fic. 6. CHP. sr W M. Exten 


und the en 





cinoma i 





icd 





GUAM GHS ng the jf the tongue (anterior two- hirds and base) 
side of the floor of the mouth.” nt had several bilateral hard neck lymph nodes and was in a very 
poor general condition. lt was decided to treat the primary lesion by interstitial radium implantation and the neck by 
ielecobalt therapy. 





ire le, 





he pati 





Gf and B) An extensive volume implant was used including the whole tongue and the left floor of the mouth. The 


implant was satisfactory but due to the extensive necrosis present in the tumor, some of the needles were frequently 

dislodged, It was, therefore, decided to remove the implant after 4,200 r had been delivered in 66 hours and to complete 

the treatment with telecobalt therapy, 3,000 rin 21 weeks. Both sides of the neck received 5,5 
(C) Lesion before treatment. (D) The primary tumor regressed, but there was alw: 

on the left side of the tongue with res 








or tumor dose in 4 weeks. 
a small indurated ulceration 
idual tumor which enlarged terminally. The patient died in 6 menthe with un- 
controlled neck metastases (in the irradiated area). The failure to control both the primary lesion and lymph node 
metastases could be due to the very poor general condition of the patient and the advanced stage of the disease. A 
higher dose would not have achieved a better result in this case, 
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It is not uncommon in head and neck 
tumors to have recurrences, regional metas- 
tases and even development of consecutive 
primary lesions after the original therapy 
has been completed. As long as the lesion 
appears to be localized to the head and 
neck, the patient should not be abandoned, 
particularly if the primary lesion has been 
under control for several months or vears. 
The ability to treat near or even within a 
previously irradiated area by the use of an 
implant may allow a life to be prolonged 
with comfort, occasionally for a matter of 
years. 
TECHNIQUE 

For the treatment of early lesions the 
Paterson-Parker svstem of radium distribu- 
tion and calculation is the one which best 
serves the clinical requirements. However, 
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G4 and B) The implant covered the same area as the field of external i irradiation and consisted of a ful 


plane application. The 3 
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in 4 weeks; 
The reaction was mild. 
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for theraps after a loc: al excision of the tumor miss 


satient was lean with a very thin layer of tissue between the carotid 
The dosage was as follows: external beam therapy: 
lower neck--3,000 r tumor dose in 4 weeks; radium implant: 4,900 r at o. 


Mazcu, toft 


the Paterson-Parker system provides only 
for the use of a single geometric pattern of 
radium arrangement, Ze, single plane, 
double plane and volume implants. It does 
not provide for complex combinations of 
single patterns. The other system still in 
use is the empirical procedure of placing the 
radium needles in parallel pattern, 1 cm. 
apart, in a plane or volume, having all the 
needles of the same intensity. The dose 
delivered by the latter system is difficult to 
calculate with clinical accuracy in extensive 
implants. Without adequate dosimetry it is 
impossible to predict either the reaction ot 
the normal tissue or the sterilization of the 
tumor. The extensive radium implantation 
necessary for the treatment of advanced 
lesions of the head and neck can be per- 
formed with success providing a definite 


'e of the neck in the upper carotid region 


ras performed. 





gen therapy and radium implantation, starting with single field external 


ully crossed single 
and the skin, and a single 
upper necks, r tumor dose 
« em. from the plane in 73 hours. 





The patient expired due to intercurrent disease 16 months after therapy without evidence of active disease in the 


neck, The radiation changes were minimal. 


im 
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surface of the tongue with bilateral 


A deep ulceration almost severed the tongue from its roots 


^h nodes on the right side of the neck were palpable; the largest 5 


Pig. 8. R.B. Go WM. Sgramons cetl carcinoma 
extension into the rou of the tongue and foor of th 
{a poor prognostic sien in our experience). Three lv 
cm. in diameter, was proved positive by biopsy. 

(A) Sketch of extent of the lesion. Tr was decided to use combined telecobalt therapy and radium i are ation. Th 
treatment was started with telecobalr therapy to both the primary tumor and the right side of the neck. After th 
third week the patient developed repeated copious hemorrhages from the ulceration Gineual artery involvement?) which 

required ligation of rhe external carotid artery. This delaved the treatment for one week, 
(B and C) The radium application consisted of a volume implant including the tongue and both sides of the floor of 
the mouth, and a double plane implant, of half-intensity needles ‚ Without crossing, for the residual disease in the right 

The dosage was as follows: telecobalt therapy oo r tumor dose in 6 weeks to both the primary lesion and the 

neck; radium i dart t: 2,000 rin 35 hours for the primary lesion and 2,500 r minimum in 35 hours for the lymph nodes. 
(D) Swelling of the neck, due to metastatic lymph nodes before treatment. (E) The metastatic lymph nodes sof the neck 

disappeared after treatment, leaving some indurated edema. The primary lesion also regressed, bu a flat ulceration 
remained on the right floor of the mouth from which a positive biopsy was obtained months after therapy. 
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system is followed in the radium distribu- ered in each case is calculable with clinically 
tion and in the arrangement of sources in useful accuracy. 

geometric patterns. If the needles with The majority of radium implantations 
proper loading of radium are placed in a necessary for the treatment of the lesions 
definite geometric pattern, the dose deliv- under discussion call for the combination of 
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Fic. go LAWS. 66 N M. Syuamous cell carcinoma of the left commissure of the 
whole upper lip aud portions af the [o nand feft cheek. Large ulcerated lvi 
were present in the left submaxillary region, and two other hard lymph noc 





h marked ext 
ph node metas 
(2 cm. in diameter) were palpable 
upper carotid area. The right bucccal mucosa was replaced by a verrucous type of leukoplakia and carcinoma i» sin. 
; used. 

teams of operators. The main features of 
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in the 





The patient was in a very poor general condition, Only interstitial radium w 

G1) A complex pattern implantation was performed by three consecutiv 
the pattern were: 2 planes for the primary lesion (A), 3 planes in a triangular arrangement for the submaxillary ly ay n 
nodes (B), a single plane of dumbbell needles for the fight buccal mucosa (D), and a single pi ane for the lymph node 
in the left upper carotid area (C). The doses delivered we zoo rin 86 hours for the primary lesion; 8,000 r in 8o Dude 
for the submaxillary lymph nodes; 9, rat os em, in g2 hours for the upper neck plane; and 6 rato.g cm. in 
1€7 hours for the plane in the right buccal mucosa. 

(B) Extent of lesion before treatment. (C) The patient tolerated the treatment very well and the improvement was 
immediate. 

Comment. When the bulk of the tumor is large and most of the implant is held within it, the colerated dose can be 
very high. Bulky tumors of the squamous cell type, especially in neck metastases, require very high doses of irradiation 
if control is to be achieved. 
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Fic. C.B. 58 W M. Syuamous cell carcinoma of the left side of the neck with left preauricular ivmph noar metastas uS. Me 


current after radical neck dissection. The primary lesion in the buccal mucosa, previously treated by irradiation (con. 
eventional roentgen rays and interstitial radium), was under control. The disease infiltrated the whole left side of the 
neck from mastoid to clavicle. Only interstitial radium implantation was performed. 


CT) A complex pattern radium implant was employed coveri ng satisfactorily the whole of the gross de-ectable disease 
except for the posterior portion of the supraclavicular area where treatment was complemented by external beam 
therapy. The implant was of a parotid plus whole neck type, making use geometrically of a combinaticn of single and 
double planes. A dose of g, 





orin 190 hours was delivered to the area where the tumor was bulkiest, and 7,000 r in 68 
hours to the rest of the implanted area. The supraclavicular region received 4,000 r in 2 weeks with 220 kv. 

(B) Extent of lesion betore treatment. (C) Two months later no tumor was detectable clinically, and -he patient was 
back at work. The patient died of distant metastases 10 months later with the treated areas free of disease, 

Comment, This patient was treated by interstitial therapy as part of a special study. The local contred of the disease 
was remarkable in this and other similar cases. This type of implantation should not be performed as a routine procedure 
because of the exposure involved unless the organization of the department permits the performance br several teams 
of operators or, even better, the use of nylon threaded gamma-ray emitters, 











two or more geometric patterns of radium ing the geometric pattern is followed, still 
arrangement. It is possible in most of the have control of the dose delivere 1. 

cases to encompass these lesions bv a more Homogeneity is not always desirable 
or less complex type of implant and, provid- throughout the radium implant. On the 
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contrary, following the principle mentioned 
above, it is better in advanced and bulky 
lesions to deliver a higher dose to the core of 
the tumor. It is also more advantageous to 
have tadium needles of such linear intensity 
as to be able to deliver the total dose in five 
to seven days, to better spare the normal 
tissues. 

It should be remembered that this type 
of therapy compares in its extent with 
radical surgical procedures such as the 
commando operation, glossectomy (partial 
or total) plus neck dissection, etc. The 
surgical procedures are always previously 
planned; definite steps are followed during 
their performance as well as during the post- 
operative period. Radium implantations 
for any lesion require just as definite a plan 
if consistent results are to be expected. 

Before undertaking this type of therapy, 
the patient should be put in the best possi- 
ble physiologic state. Special attention 
should be paid to the blood volume, hemo- 
globin and hematocrit, serum protein level, 
and the fluid and electrolyte balance. The 
nutrition should be improved, if necessary 
by way of nasogastric tubes or intravenous 
fluids and the infections should be treated. 
In most of the cases the treatment of the 
neoplasm is not an emergency and by 

improving the general condition of the 
patient, the effectiveness of the irradiation 
is enhanced. In many cases ancillary proce- 
dures such as tracheostomy, the extraction 
of decayed teeth, etc., are necessary. 

The care of patients while the implant is 
in place is also important. No less impor- 
tant is the care thereafter; pain relief, oral 
hygiene, and proper feeding may mean the 
difference between success and failure. 

In most of the cases in this group, the 
type of implant required is of the complex 
pattern variety. Such implants are tailored 
to the disease and its extensions by using a 
combination of single patterns: volume and 
planar. Any single component can be re- 
peated as often as required, providing no 
undesired hot or cold spots are formed. The 
usual rules of radium distribution for single 
patterns must be altered in some complex 
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implants as the case requires, i.e., the end of 
the plane close to another implant should 
not be crossed if a hot spot is to be avoided; 
some implantations are performed either 
with full or half intensity needles in order to 
obtain a more suitable isodose. 


DOSAGE 


The general scheme of dose-time relation- 
ship already mentioned is followed. In very 
extensive implants the dose delivered is 
highest at the site where the tumor is bulk- 
ier and lowest in the areas where the tumor 
is not clinically demonstrable, but which 
are potentially involved by microscopic 
extensions. This variation in the dose de- 
livered is achieved by taking advantage of 
the different loadings of the needles and by 
removing parts of the implant at different 
times. Each component part of an implant 
is calculated separately and its contribution 
to the other parts considered. It is very use- 
ful to thread needles of different loadings 
with different colored threads, and it will 
help in the calculation of the different por- 
tions of the implant to have a detailed 
sketch of the needles made simultaneously 
with the implantation. 


SUMMARY 


1. Advanced squamous cell carcinomas 
of the head and neck, even with neck 
metastases, are tumors which remain local- 
ized above the clavicle for relatively long 
periods of time. 

2. In all cases radical therapy should be 
the treatment of choice even if in many 
cases the result will be palliation only. With 
this policy more cures and better palliation 
can be obtained. 

3. In this group of patients interstitial 
treatment should be performed whenever 
possible because of the reduced irradiation 
of normal tissues and the enhanced prob- 
ability of cure due to the previously men- 
tioned advantages. 

4. Postoperative residual or recurrent 
tumors are often best treated by interstitial 
gamma-ray therapy. 


* 
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5. Careful preoperative care, planning 
and performance of the implant and post- 
operative care are of paramount impor- 
tance in obtaining the best results. 

6. Careful follow-up with adequate treat- 
ment of new tumor foci as thev appear will 
allow long survival free of symptoms, in 
many cases of advanced tumors of the head 
and neck even where a cure is not obtained. 

7. Extensive interstitial treatment is 
possible in the head and neck lesions and 
encouraging results can be obtained when 
the proper indications and techniques are 
followed. 


PART HI. COMBINED EXTERNAL BEAM 
IRRADIATION AND INTERSTITIAL 
THERAPY IN HEAD AND 
NECK TUMORS 
GENERAL CONSIDERATIONS 

Based upon the general principles al- 
readv discussed, efforts were made to reduce 
the volume of heavy irradiation, particu- 
larly the unnecessary irradiation of normal 
tissues, in the treatment of head and neck 
tumors whenever possible. This became 
more important with the increasing use of 
supervoltage therapy since this modality, 
in general, dees not reduce the volume of 
normal tissue irradiated. On the contrary, 
with the increased depth dose characteristic 
of this type of therapy and the popular use 
of two parallel-opposing fields, the volume 
of heavy irradiation, in most cases, extends 
from side to side of the face and/or neck 
with inclusion of much normal tissue, as 
well as the tumor, between the fields. The 
dose delivered by such a technique is some- 
times higher in tissues outside the tumor 
bearing area than in the tumor itself (Fig. 
LI) 

In search of a better tecnhical arrange- 
ment to deliver a lethal dose to a tumor 
bearing area when only conventional ther- 
apy of 1 mm. Cu half value layer was avail- 
able to us, we began to study the possibili- 
ties of the combined technique of external 
beam irradiation and interstitial therapy. 
When cobalt 60 teletherapy in combination 
with interstitial treatment was investi- 
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gated, it became obvious that such an 
approach had the same advantage of reduc- 
ing the volume of high irradiation with the 
additional benefits intrinsic to supervoltage 
therapy (Fig. 11). Perhaps, oy the use of a 
short-distance cobalt or ces um unit com- 
bined with a radium implant. the maximum 
benefits of this technique might be ob- 
tained—-the further reduction of the volume 
of high irradiation together with the advan- 
tages of supervoltage exterral beam ther- 
apy. 

The dosimetry of the combined tech- 
nique is illustrated in Figure 12. 

The concept of combining external beam 
and interstitial therapy is not a novel one in 
treating head and neck tumors. Indeed, 
several schools of radiation therapy have 
been using it for years (McWhirter, 
Fletcher, Martin, and others) and found it 
to be of definite value. 


PRINCIPAL MODES OF COMBINATION 

We have used the following principal 
modes of this combination: 

GROUP 1. Znterstitial gamma therapy as a 
complement of external beam therapy. Here, 
the fundamental part of the treatment is 
the external beam irradiation. In these 
cases the dose to the normal tissues is close 
to the tolerance level, but, at the end of 
treatment, there still remains a consider- 
able amount of residual tumor at the site of 
the primary lesion and/or in the neck 
lymph nodes. This indication is related to 
the principle mentioned before of deliver- 
ing higher doses to the bulkier portion of 
the tumor (see Part n). 

This procedure is of grearest value in 
cases of well-differentiated carcinomas, 
particularly those of the floor of the mouth, 
base of the tongue or retromokir trigone, in 
some tonsillar and peritonsilla7 tumors, and 
with large lymph node metastases in the 
neck. In all cases an etfort is made to keep 
the implant within the residual tumor itself 
in order to further spare the normal tissues 
(Fig. 13, 14 and 15). 

GROUP 2. External beam therapy as a com- 
plement of interstitial radium therapy. This 
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method is used in cases where the impor- 
tant part of the treatment is the radium 
implantation, and the external irradiation 
is added as a complement. These cases can 
be subdivided into two categories: 

(a) External irradiation before the inter- 
stitial irradiation. This type of therapy is 
indicated in the cases where interstitial 
irradiation is the treatment of choice but 
where complete coverage of the tumor by 
an implant cannot be assured, either be- 
cause of its extension or anatomic location. 
The external irradiation is intended to 


reduce the extent and the volume of the 
tumor in order to ensure that the whole 
tumor bearing volume can be properly 
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covered by the implant. The main indica- 
tions are large lesions of the foor of the 
mouth with extension close to, or involving 
bone; extensive buccal mucosal lesions 
involving the pterygoid region, the anterior 
pillar, or lower or upper gum; postopera- 
tive recurrences of parotid tumors or neck 
metastases, and very extensive lesions of the 
tongue with invasion of the floor of the 
mouth close to or invading the lower gum 
(Fig. 16, 17 and 18). 

(b) External irradiation after the inter- 
stitial radium. This sequence is followed in 
cases where roentgenograms show that the 
pattern of the implant is not completely 
satisfactory, with either questionable cov- 
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Fic. 11. These figures show the different volumes of heavy irradiation (above 5,000 r) with the varied techniques commonly 


used for a tonsillar tumor. 


(3) Technique with conventional roentgen rays (220 kv., 1 mm. Cu half value layer). With conventional roentgen 
therapy and a 2 parallel-opposing field arrangement, it is very difficult to obtain a lethal dose for squamous cell carcinoma 
unless the tolerance of the normal tissue is exceeded. Differential loading will improve the distribution of dose and will 
diminish the unnecessary heavy irradiation of normal tissues. Single field external beam combined with interstitial 
radium is the best arrangement for delivery of the proper dose to the desired site with a minimum of irradiation of the 


normal tissues, 


(B) Technique with telecobalt (so cm. distance). The above comments also apply here. The volume of heavy irradiation 
is larger than for 220 kv. roentgen rays. The advantages of differential loading are not as important as with conventional 
beam therapy. Again the best arrangement of dose distribution is with external cobalt beam and interstitial radium. 
The radium implant does not have to be of a double plane pattern. In most of the cases a single plane will build up the 
dose from within satisfactorily. For most tumors situated laterally, the best technique of treatment would probably be 
achieved by using short-distance cobalt or cesium external beam therapy and a radium implant. 
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erage of the whole lesion or lack of uniform 
dosage (Fig. 19), and where the radium 
needles have not maintained their position 
during treatment, or when one or several 
needles have become dislodged from their 
proper places, necessitating premature re- 
moval of the implant (Fig. 20). 

GROUP 3. External beam therapy and 
interstitial therapy equally important. In the 
techniques already described, implantation 
procedures are planned and executed with 
the intent to encompass the entire lesion. In 
this group of cases such coverage is not 
necessary. The implantation of radioactive 
sources 1s planned and executed so as to 
provide an internal field of irradiation. The 
aim is to produce between the external 
irradiation field and the "interstitial field" 
a proper volume of high dose irradiation 
which will adequately cover the tumor 
bearing tissues. This can usually be achieved 
by a single plane implant, although some- 
times a double plane implant is required. It 
is not necessary to “cover” the whole tumor 
in the transverse diameter because the 
irradiation of the outer portion of the 
tumor volume is provided mainly by the 
external beam. 

Here, the combination technique is used 
as an established technique of choice and both 
external and interstitial irradiation are 
equally important in the management of the 
lesion. In this group of patients the lesion is 
treated by an external field of irradiation 
(external beam roentgen rays or cobalt 60 
tefetherapy) and the “internal field” cre- 
ated by the radium implant. This technique 
makes full use of all the advantages of the 
combined procedure (Fig. 11). It is espe- 
cially indicated for lesions involving later- 
ally placed structures. The main indications 
are: some large tumors of the buccal 
mucosa, lesions of the buccinator region, 
retromolar trigone, some lesions of the 
lateral portion of the floor of the mouth, 
especially with extension into the lower 
gum, lesions of the gums, lesions of both 
upper and lower buccal gingival sulci, some 
lesions of the tonsil and peritonsillar regions 
(palatoglossal and glossotonsillar sulcus), 
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Fic. 12. Dosimetry. In all cases where a comb: ned technique 
is emploved, the dose is calculated as indicated in this 
sketch by observing the following steps: (1) an accurate 
contour of the patient is drawn at the proper level; 
(2) the isodose curves of the single field of external irradi- 
ation are marked in, allowing for the inverse square law 
correction; (3) an accurate localization of the lesion and 
radium implant is made with respect to the contour by 
direct measurement on the patient and roentgenographic 
films; (4) the output of the implant every 0.5 cm, is super- 
imposed on the isodose curves from the external beam; 
(3) at every intersection of two lines, the doses are added 
and a combined isodose curve is made showing the total 
contribution from both sources. 

We are aware that the addition of the conventional 
220 kv. to gamma radiation is not biolog cally correct; 
however, this procedure has been useful ia establishing 
a basis of technique and dosimetry. 


some large metastases in the meck, and 
large inoperable lesions of the parotid gland 
(Fig. 21, 22 and 23). 


DOSAGE 


Whenever possible the dose dehvered by 
the single field is kept well within tolerance 
of the normal tissues. In cases where con- 
ventional energies are used, we try not to 
exceed £,000 r skin dose. When super- 


426 











Big. 


in diameter, was pa 


amount of bone inve 
cobalt after which a 


Cf and B) The: 


and laterally, A curved palisade-tvpe of plane was added to cover the 


telecobalt therapy t 


areas and lower neck <, 


rin 20 hours. 
(C) Lesion before 


the mouth, anterior 


H 





13. CLE. ss WM. 


portions, The gum was involved anteriorly with invasion and exposure of the bone, A submenral lymph node, i. 





Marcu, 1961 


F. G. Bloedorn, C. A. Cuccia and R. Mercado, Jr. 





E PES Idm Kars 
Hon inward beth lateral 
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rs ery, 
pated. The patient was in a good general condition. Due to the extension of the disease and the 
yivement, it was decided to treat the primary lesion and both lymph node bearing areas with te 





radium implant was placed into the residual tumor itself. 
int consisted of a single volume through the tongue, and extended out to the periosteum anteriorly 
area of gum and bone invaded by disease. With 
‘ks and bor 

as finished, added 





imor dose in 5 w h supraclavicular 






he primary lesion and upper neck received 5,800 rt 
rin 4 weeks. The implant, applied 2 weeks after the external ther: 
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treatment. (D) The major portion of the lesion regressed one month after therapy. On the floor of 
v, close to the bone, a small ulceration with an indurated base remained, without symptoms. Ten 


months later the induration increased and a positive biopsy was obtained from the area. Surgery was performed a year 


after therapy, and t 


Comment. This patient obtained a year of comfortable life from the treatment. There 





tion, 





te patient died of septicemia produced by a postoperative infe 





is no doube that the heavy r- 


radiation contributed to the poor defense shown by the tissues against infection. 
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Fig. 14. W.W. melateral neck metastases. The primary 
tumor was very 
Xs em. in diameter, situated in the upper portion of the carotid chain. Positive biopsies were obtained from borh 
the primary lesion and the lymph nodes. The patient developed a 1.5 em. Lymph node low in the postericr triangle of the 
neck during treatment. Telecobalt therapy was used for the primary lesion; combined telecobalt therapy and radium 
implantation for the lymph nodes. The implantation was performed 2 weeks after completion of the external therapy, 





Sanamons cell carcinoma of the right py? 





xtensive and the neck metastases consisted of 3 matted lymph nodes, the largest of which measured 














eto include only the residual, palpable disease in the neck. 
(3) The upper implantation was dene with halfintensi 





- needles; the lower with a typical Paterson-Parker radium 
arrangement. The dosage was as follows: the primary lesion received r tumor dose in 63 weeks by telecobalt 
therapy; the metastases in the upper neck received 7,500 r tumor dose in 63 weeks by telecobalt therapy plus 1,000 r by 
o r tumor dose in 4 weeks by telecobalt therapy plus 











interstitial radium. The metastases in the lower neck received 5,2 
sco r by the radium implantation. 

(B) Swelling of the neck, due to metastatic lymph nodes, before treatment. (C) The lymph nodes in the upper 
chain regressed completely, leaving some indurated edema of the region. The lymph nodes in the lower neck regressed 
partially in size to regrow to months later at which time a positive biopsy was obtained. A radical neck dissection was 
performed 1 year after treatment showing no residual disease in the upper carotid chain and a 2X3 em. positive lymph 
node low in the posterior triangle of the neck. The incision healed per primam intentionem and the patent is without 






E 





arotid 


evidence of disease 18 months after therapy. 

Comment. Vor small residual lymph nodes, implants using halfintensity needles are advisable to increase the dose 
only in the tumor area with minimal dose to the skin and other normal tissues. The sterilization of large masses of lymph 
node metastases in the neck is possible only by very heavy irradiation, Neck dissection after heavy irradiation is feasible 
without untoward complications provided the techniques of both irradiation and surgery are proper. Tae r renee in 
in this patient was perhaps due to the fact that this lymph node was situated too near the margin of the 








the lower neck 
field of cobalt therapy and thus may have been inadequately irradiated. 
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Fra. is. H.W, 63 W F. Metastatic Squamous celi carcinoma in the lymph nodes of the right upper carotid chain proved by biopsy. 
The mass was fixed and measured g cm. in its greatest diameter. The primary lesion on the left side of the soft palate 
was treated by surgical excision g months pre and was under control, A combined technique of telecobalt therapy 
and interstitial radium was used. The telecobalt therapy with anterior and posterior tangential fields included the entire 
right side of the neck. 
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Cd, B and C) The radium implant consisted of a triangular, 3 plane arrangement of half-intensity needles without 
crossing. This pattern is best suited for irradiation of large masses in the neck with minimal damage to the skin since 
the dose is very uniform within the implant. In the present case the dose was s, 
cobalt therapy and 2,500 rin ss hours by interstitial radium. 
| (D) Swelling of the neck due to metastatic lymph node involvement before treatment. (E) The treatment was very well 
tolerated. The patient is free of disease 1 year after therapy, 





r tumor dose in 4 weeks by tele- 
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Fic, 16. H.L, 66 W M, Sguamons cell carcinoma involving the whole of the ante ds of the tongue with Invasion of 
bath sides af the foar of the mouth. The root of the tongue was deeply infiltrated by tumor. No lymph nodes were palpable 
in the neck. Combined telecobalt therapy and interstitial radium was used rather than implantation ale ne because of 

the extent of the disease and its proximity to the bone. 

C1 and B) The implant was a simple volume implant which included the whole tongue and floor of the mouth. The 

dose was 4,000 r tumor dose in 4 weeks by telecobalt therapy and 3,500 rin £4 hours by interstitial radiu m. 

(C) Lesion before treatment which was well tolerated. The patient obtained partial regression of th: lesion but it 

started to regrow after 4 months, 











Comment. In our experience, it has been difficult to obtain even temporary control of this type of ma sive tumor of 
the tongue by any radiation technique. 


43 F. G. Bloedorn, C. A. Cuccia and R. Mercado, Jr. Maren, 196 


voltage is used, an effort is made to remain 
at a maximum dose of 6,000 r in the subcu- 
taneous tissues of the entrance field in order 
to avoid delayed changes with consequent 
deep fibrosis and sometimes necrosis as 
have been described in patients treated 


several years ago with high doses of super- 
voltage irradiation, 

The proportion of the total tumor dose 
delivered by the external and interstitial 
irradiation varies with the tvpe of combina- 
tion used. We have been using the following 
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sa W M. Extensive recurrent s 





tion a commando procedure was performed w 





ry one vear previously and was under control. At th 


f the neck, The orimary lesion of the 








me of the opera- 


ith a radical neck dissection. Tumor was known to be left attached to the 


carotid bulb. The “recurrence” involved the whole left side of the neck with a shell-like subcutaneous infiltration which 
was not over tem, thick in most of its extensions. [t was decided to use a combined procedure of telecobalt therapy 
and interstitial radium. The telecobalt therapy with a single field covered an arca extending from the mastoid to the 
clavicle. 

64 and B) The interstitial radium application consisted of a single plane implant following the Paterson-Parker 
rules of distribution. A dose of 3,000 r tumor dose was delivered in 3 weeks by telecobalt therapy. The radium implant 
delivered 4,000 r in $8 hours and followed the external irradiation without interval. 

(C) Extent of lesion before treatment. (D) The treatment was well tolerated. The local control of the disease was 
good, and the treated area remained free of disease even though the paitient died 18 months later because of distant 
metastases, 
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Hd implant. In most cases of inoperable malignant tumors of the parotid gland or postsurgical recurrences, 
o use interstitial radium therapy. An exception is made in cases of very large tumors where a proper implant 
isnot feasible at the beginning. 

Treatment. The implant has been described in a previous paper (F.B). The extension of the deep portion of the 
implant is determined by the position of the tumor. The upper neck is included so as to irradiate the lym oh nodes most 
commonly involved (carotid chain). The postoperative implants are performed 2 weeks after the operation (see example 
below); if performed earlier, there is interference with the wound healing. In most of the postoperative recurrences, the 
tumor is multiple but of small volume. Thus, a radium implant alone is the treatment of choice. In cases with bulky 
tumors, a combined approach with telecobalt therapy and interstitial radium is generally indicated. 

Dosage. For postoperative treatment we try to deliver 6,000 to 7,090 r in ^ to 7 days at o.s cm. fram each plane. 
When tumor is present, we deliver from 8,000 to 8,500 r at the site of i the tumor and oo r to che rest of the 
treated area at the same time. If combined therapy is used, 3,000 to 4,000 r will be delivered prior to the implantation in 


2 to 3 weeks and the rest, up to the previous de by the implant. “This has proved to be well toler: ed by all the 
i } J p } ) 





Fia 18, 


we prefer 














20 tO 7,0 


patients, with a minimum b imbrediare and late radiation reactions and without a resulting "dry mouth.’ 

S.A, 36 W M received postoperative treatment for a malignant mucoepidermoid carcinoma. The original tumor was 
icm. in diameter, located in the upper portion of the superficial parotid lobe. 

GT and. B) The aim of the implantation was to cover mainly the superficial portion of the parotid, ard 7 
Ee livered in 150 hours. The reaction was very slight. 

The patient is free of disease 2 years after therapy, showing only slight radiation changes. 





T Was 








ranges of dosage which should be modified 7,000 rin all. i very large tumors, an addi- 
according to each particular case: tional soo to Foo ris de livered to “he core of 

croup T. Full radical treatment with the tumor by eave in the necessary group 
external irradiation (cobalt teletherapy) of needles the required extra time. 





followed by 1,000 to 2,000 r delivered by (b) No definite dosage can be essessed in 
interstitial irradiation to the core of the this group as the different proportions de- 
residual tumor. pend upon the dose which had been deliv- 


tumor dose by external irradiation, or However, a total of 6,500 r is seldom to be 
whatever amount is necessary to produce exceeded as the tolerance of the tissue to a 
the desired shrinkage of the tumor. The combined procedure is less than when 
interstitial treatment then delivers the dose radium is used alone, due to the increased 
necessary to arrive at a total oF 6,500 to volume of tissue being irradiated. 


GROUP 2. (a) Initially, 2,000-3,000 r ered by the radium prior to its removal. 








Fic. 19. L.F. $7 N F. Squamous cell carcinoma of the paie q small extens the tongue. No lymph 
nodes were palpable in the neck, 

(1) Sketch of the lesion. It was decided to treat this lesion with interstitial radium alone. 

(B and C) An implant of the single plane tvpe was used in the most posterior portion of the lateral aspect of the 
tongue with one additional needle in each faucial pillar (anterior and posterior). The crossing needles were inserted in 
the tongue and in the soft palate. Silver clips were placed to mark the position of the lesion in relation to the implant. 
The roentgenograms taken of the implant showed it to be unsausfactory as the lesion was covered only by the superior 
edge of the implant. The radium was removed and treatment was completed by telecobalt using a single small field. The 
interstitial treatment was useful in raising the dose from the medial aspect. The implant delivered 1,020 r to the lesion 
and the external irradiation s,o00 r tumor dose in 4 weeks, 

(D) The reaction was mild. The patient is alive with no evidence of disease 3 years later show: 
in the mouth, 

Comment, If an implant is not satisfactory, it should be removed without hesitation. 











z no radiation changes 






































Vic, 20. BR, so WM, S 
lymph node was palpal 
C7 and B) A double i 


maxiliary single plane impla 


ramats cell carcinoma of the left si 








e nf the floor af the mouth, ulcerated and infritrating. A 1 em. 
un the submaxillary area. Interstitial treatment with radium was indicated. 

ant was used: a volume implant through the tongue covering the whole lesion, and a sub- 
nt of fullntensity needles, The lesion was tagged with silver clips. The paient was restless 


and developed progressive edema and a hematoma of the tongue. On the third day a repeat roentgenogram showed 
marked displacement of the tongue needles upward; the silver clips were now at the lower end of the n-edles indicating 


inadeq 








of the ks, 





vatment was 4 We 





tre coverage of the lesion, The implant was removed and treatment was completed with tel:cobalt therapy. 
The radium implant delivered 3,100 rin 72 hours and the telecobalt therapy 44 
! : Y4 





 r tumor dose in 3 weeks. The duration 


(C) Lesion before treatment. (D) The lesion regressed completely but recurred 1 year later. A corimando-ty pe of 


operation was performed, and, presently, 24 





GROUP 3. Generally, half of the total 


dosage is delivered by the external irradia- 
tion and half by the interstitial irradiation, 
here again not exceeding a total of 6,200 r 
except in cases of very large tumors or in 
some adenocarcinomas where an extra dose 
(up to 1 ir) is delivered to the core of the 
tumor. 





COMMENT 
The procedure of combined therapy is 
particularly use-ul in centers where super- 


| years after the first treatment, the patient is free of disease 


voltage therapy is not availabe. In many 
lesions of the oral cavity and oropharynx, 
it is dificult and often even impossible to 
deliver a lethal tumor dose ov external 
irradiation alone without ove-taxing the 
skin, particularly in cases of well-differen- 
tiated large squamous cell carcinomas or 
adenocarcinomas, The addition of intersti- 
tial therapy may offer the only possibility 
of achieving a therapeutically significant 
dose. This is particularly true in lesions of 
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o 


Fio. 21. Tonsidfar and peritonsillar tumors (true tonsillar, bolle) and glossotonsillar areas, and fiuctal pillars). 
‘This is an important group of tumors for combi 





d therapy because they occur relatively frequently and since they are 
laters na placed they are well suited for the technique described. The external beam portion of the irridiation is, in 
general, the same for all cases: a single field covering the tumor and 














» extension, actual or potential. In cases with : 
transverse diameter or with the tumor approaching the midline, 2 parallel-opposing fi NEM are used, generally with dif. 
ferential loading (2:1 in favor of the diseased side 
is available. The interstiti 





This arrang 





ment is chiefly used when only conventional therapy 
il therapy will vary depending upon the original site of the tumor and its extensions, The 
following are the types of implants commonly used: 








G4) For very early lesions of the anterior pillar, palatoglossal sulcus with or without extension to the proximal portion 
j 3 ? } E n 





of the soft palate, we use an implant as shown in of. The crossing r 


cdles are generally shared berween tongue and sott 


palate. The neck portion is added only if lymph node metastases are present. 





(B) For extensive lesions of the previous group and especially for tumors of the glossotonsillar area which (usually) 
have a large extension into the tongue, implants as shown in B are used. The portion of the implant in the tongue ar soft 
palate will vary according to the extent of the tumor. Very often a double plane is necessary for the tongue implant. 

Phe most posterior needle is inserted in the anterior pillar, Whenever necessary, some additional needles or seeds are 
implanted in the posterior pillar, buccinator area, retromolar trigone, or buccal mucosa. 

(C) For the true tonsillar | ir tumors the implant should project more posterioris 
due ro the common extension of the disease in this direction. W e have tried to extend the implant with radium needles, 
but they were difficult to place and more difficult to keep in the correct position. Presently we lant gold or radon 
seeds in 1 or 2 rows as needed; 1 row in the posterior pillar and the second in the angle formed between the posterior and 
lateral walls of the oropharynx as shown in C. 

n, For early tumors we deliver 3,000 r tumor dose in 2 to 3 weeks by telecobalt or conventi 
r tst interstitial radium, For more advanced tumors the dos to 4 
to 4 weeks with external therapy and 3 








ns or for the rare posterior į 












mal beam therapy, 
r tamor dose in 3 





> has been 3,5 
o to. r with interstitial therapy. 
(D) The acute reaction produced by his type ‘of treatment is ve ry well tolerated, and the late n inges are minimal, 


The most salient feature is the conservation of the mouth moisture as shown in D, a patient treated as described 3 years 
previously for a squamous cell carcinoma of the tonsil, 
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Fic. 22, A.K. 69 W M. Squamous cell carcinoma of the left buccinator sulcus, with extension to the buccal Hitcosa, retronmi 
trigone and soft palate. The lesion was deeply infiltrating with a necrotic base. No ly mph nodes were palpa ole. À combi 
treatment by telecobalt therapy and radon seed implantation was planned. The external irradiation was delivered thro 
a single field. 

CA and B) The implant with radon seeds was of a single plane pattern, following Paterson-Parker distribution. ” 
seeds were inserted in the lateral aspect of the tongue, soft palate, and anterior buccal mucosa and retromolar trige 
The dose was: telecobalt therapy: minimum of 4,400 r tumor dose in 4 weeks; radon implant: 2,000 r at 1 cm. from 
p pv of seeds. 

C) Lesion before treatment. The patient developed a rather brisk, s lowly regressing mucositis. The ulceration 
he area of disease took 8 months to heal. Repeated NN showed it to be free of tumor. The patient d ed of a card 
vascular accident 18 months after treatment, free of tumor. 


the base of the tongue, peritonsillar and of treatment, but it is no dot bt a mo 
tonsillar tumors, and extensive lesions of rational technique and one which is clos 
the floor of the mouth with invasion of the to that ideal of radiation therapy whi 
gum and of the retromolar trigone. In seeks for specific irradiation of the tum 
laterally placed lesions this is a better tech- bearing tissues. 


nique than using a single field or two paral- It is very gratifying to see that patien 
lel opposing fields with external peres treated bv this combined approach, esp 
therapy. cially those in Group 3, have a greatly ir 


In centers where supervoltage therapy is proved tolerance to the treatment. Th 
available, it is nct an indispensable method outstanding feature is best demonstrated 
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Fig. 23. LE Regs WM. S 


thout invasion of it. A combined technique of 220 ky. roentgen rays, single field, and sin 





f the most pos 





erior portion of 
10 Pone 6 
was used. 









the lesion, Two addition: 
E > kv. roentgen rays, a tumor dose 6 
Orat rem. in tog hours 


or was del 








ulcer developed in the lower gum with bone necrosis. 


rtis free of disease 4 









: after therapy. 
‘omment. This was our first patient tre 





C 


ment insufficiently protracted. 


red by a combined approach; the dose was probably too high and the treat- 
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the follow-up where marked difference can 
be appreciated in late changes; the mouth 
remains moist and the skin and mucosal 
changes are minimal. 

The sources of irradiation used in our 
cases have been either radium needles, 
radon seeds or a combination of both, de- 
pending upon the anatomic site of the 
lesion. In tonsillar or peritonsillar tumors, 
the posterior portion of the area (posterior 
pillar, lateral and posterior pharvngeal 
walls) is implanted with radon or gold seeds 
because of the difficulty in keeping needles 
in place in this region; the remainder of the 
implantation is performed with needles in 
the lateral portion of the tongue. The cross- 
ing needles are implanted in the tongue and 
soft palate. 

The dose levels must be carefully planned 
and calculated. The ones we suggest are 
considered safe. In our first group, in which 
we tried to deliver a total dose of 7,000 r or 
more, the incidence of necrosis was high. 

The cure rate so far obtained has been 
very promising, and, in some patients who 
developed a second primary lesion within 
the oral cavity or elsewhere in the head and 
neck, a second treatment by radiation has 
been possible without untoward conse- 
quences. 


SUMMARY 


A combined technique of treatment of 
head and neck tumors by external beam 
and interstitial therapy is described. The 
main advantage of this technique is that 
the volume of tissue irradiated to a high 
dose is reduced. This combination is pos- 
stble in three different ways: (1) interstitial 
gamma therapy used as a complement of 
external beam therapy; (2) external beam 
therapy used as a complement of interstitial 
radium therapy; and (3) external beam 
therapy and interstitial irradiation used as 
agents of equal importance. 

The main indications and usual doses 
delivered by this procedure are given. Com- 
bined therapy is very useful in centers 
where only conventional therapy is avail- 
able, but, even in centers where super- 
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voltage therapy is in use, this treatment 
offers a better solution to many problems. 
The immediate and late reactions to the 
treatment are diminished. 

It is possible that by such a planned tech- 
nique the results in some cases of head and 
neck tumors could be improved and the 
side effects and complications diminished. 

Details of techniques, dosimetry, indica- 
tions and examples are given. 


PART IV. UNUSUAL RADIUM IMPLANTS 
IN THE TREATMENT OF CANCER 

One of the main objections to interstitial 
gamma-ray therapy already mentioned is 
the lack of versatility allowed by this tech- 
nique. It isgranted that its applications are 
limited, for many radiosensitive tumors do 
not lend themselves to treatment by inter- 
stitial therapy. Some of the contraindica- 
tions conventionally accepted are: (1) large 
volume or very anaplastic tumors; (2) 
inaccessible areas; and (3) lesioas close to or 
involving bone or cartilage. 

There are patients with tumors of the 
well-differentiated group (squamous cell or 
adenocarcinoma) in whom treatment by 
external irradiation is difficult because a 
large volume of normal tissue must be irra- 
diated in order to reach the tumor, because 
it is impossible to avoid irradiation of sensi- 
tive structures or because it is difficult to 
get enough dose at the depth of the tumor. 
Some of these cases can be satisfactorily 
treated by interstitial therapy 

It is our intention to demonstrate that a 
wider use of interstitial therapy is possible, 
even under unusual circumstances to the 
benefit of some patients who would pose 
difficult problems of technique if they were 
to be treated with external beam therapy 
alone. 

Implants may be termed unusual when 
thev are placed: 

1. Through bone or cartilage. It is often 
stated that radium implantation through or 
near bone or cartilage is fraught with a very 
high incidence of necrosis and, therefore, 
should be avoided. Our experience, over 
more than a seven year period n treating a 
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Fic. 24. Ethmoid implant. CT and B) This is a double 
implant, which is a modification of the single plane im- 
plant as developed by Dobbie in Manchester. It is felt 
that this modification enlarges the area irradiated with- 
out increasing the dose close to the implant to dangerous 


plane 


levels. lt is indicated in cases of early squamous cell 
carcinoma of the nasal septum, 
neuroepithelioma as a complement of external irradia- 
tion in extensive tumors of the ethmoid, and in post- 
operative ethmoidal recurrences after combined surgical 
and radiation therapy of maxillary antrum tumors. lt 
must be realized that the indications for radium alone 
must be precise and that only small well-differentiated 
tumors can be so treated. 

Treatment technique. The implant is always of a double- 
plane pattern using crossing at the outer end, or dumb- 
bell or Indian club type needles, depending upon the site 
of the primary lesion in relation to the surface. In 
general, the separation between planes is 2 cm. The day 
prior to the implantation a roentgenogram is taken with 
à straight wire placed on the lateral aspect of the face, 
directed from the top of the bridge pa he nose to the 
upper edge of the tragus. This generally follows the base 
of the skull as shown in .7. The skin is marked with a line 
following this direction, This line is used during the 


in cases of esthesio- 
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considerable number of cases, does not bear 
out this statement. Bone and carrilage will 
tolerate an implant well, provided a uni- 
form distribution of the sources is obtained 
and proper dosimetry is used. Mere than a 
score of patients so treated have had several 
vears of follow-up without a single compli- 
cation. Therefore, the proximity of bone or 
cartilage is not a valid contraind:cation to 
interstitial therapy (Fig. 24, 25, 26, 27 and 
28). 

In anatomic sites which are not com- 
monly implanted with or without complex 
arrangement of the radium sources. The 
perineum, groin and pubis are areas where 
postoperative recurrences are not infre- 
quent after the treatment of tumors origi- 
nating in the vulva, penis, bladder and 
rectum. They manifest themselves as cu- 
taneous or subcutaneous masses, often 
multiple, in the operative field and proba- 
bly represent seeding of the tumor as a 
result of surgical manipulation. Some of 
these may be controlled by proper radiation 
therapy (Fig. 29, 30 and 31). These lesions 
are difficult to manage by external irradia- 
tion alone unless a large volume cf tissue is 
irradiated, which case a cancerocidal 
dose may not be tolerated. Some of these 
tumors are adenocarcinomas requiring verv 
high doses for sterilization. 


implantation as a landmark, and the needles are im- 
planted parallel to it. The implantation is started with 
the upper two needles which, in general, are placed on 
both sides of the bridge of the nose in che orbits, through 
soft tissues, above the level of the cribriform plate. A 
portable roentgenogram is taken to see if the position of 
the first needles 15 satisfactory; if itis, the whole implan- 
ration is performed parallel to these needles, boring the 
nasal bones with a drill whenever the implantation is 
done through hone. Dummy needles (made of stainless 
steel wire) are used during the whole procedure, and, if 
their position is satisfactory, they are replaced by the 
radium implant at the end of the procedure. 

Dosage. Vf the treatment consists of interstitial therapy 
alone, we deliver a maximum of 7,09€ r and a minimum 
of 5,000 to §,500 r for squamous cell carcinomas, If itis to 
be complemented by external irradiation, the dose will 
vary with the particular case. The treatment was well 
tolerated in more than to cases so managed. B shows a 
patient of very advanced age {82 wears old) with a small 
squamous cell carcinoma of the nasal septum, which 1s 
marked by silver clips. 



















the nose, and the metal p 
| R)A double -planc 
he needles went t 
E The ment t 
(C) Lesion before treatmer 









e was 112 hours. 








. : 
for 18 months, 





patient has been tree of dis 


3. Lr surgically exposed areas. The classic 
indications for interstitial gamma-ray ther- 
apy can be considerably enlarged if enough 
ingenuity is used in devising proper geome- 
ic arrangements of the radiation sources 
and by making some lesions accessible bv 





surgical procedures, such as: episiotomy, 
pharvngotomv, laparotomv, 
etc. These are cases where interstitial radia- 
tion through a surgical incision can solve a 


difficult therapeutic problem. [t is common 


cvstotomv, 
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fi carcinoma of the columella ince: 


implantation was performed. Crossing needles were used at the ourer ends of the plan 


gh cartilage. The dose delivered wa 








pig the lower partion of the nasal septum, the Up of 


t 


on of both aiae nasi, lt was decided to use interstitial radium alone. 








estimated as a maximum of soo r aad a minim 





(D) The treatment was very well tolerated. A good cosmetic result was obtained. The 


practice in the treatment of carcinoma of 
the bladder. Figure 32 is an example of 
residual disease in the bladder after roent- 
gen-rav therapy, treated in this manner. 
This technique may also be indicated in 
some exceptional cases of tumors ordinarily 
considered inaccessible, Le, pelvic tumors, 
through a colpotomy (Fig. 334 or some 
residual or recurrent tumors of the posterior 
wall of the pharvnx through a lateral 





pharyngostomy. 
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jon of the nasal septum 





Fic. 26. F.E. 64 W F. Synamonus cell carcinoma originating in the columella inzols j 
both alae nasi. upper lip in its whole thickness, and the upper gingicolabial suleus, No lymph node metastases were palpable. 
, ri 3 E . t 
It was decided to use interstitial radium alone, complex pattern type, 
vi 
G4 and B) The implant consisted of 3 planes of radium needles. The deepest plane was imp 











inted through the bone of 





in 100 hours. 
(C) Lesion before treatment. The treatment was very well tolerated. The mucositis in the nose was confluent 
utie and 


and a wax mold was kept in each nasal cavity for 3 weeks in order to prevent adhesions. (D and E) The therapeu 
e after 18 months. 











cosmetic results were excellent, The patient is free of dise: 
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acent bone and extension to the up- 





„WC ez WM. Squamous cell carcinoma of the upper gum with incasion of j 
Ingivobuccal sulcus and buccal mucosa. No lymph nodes were palpable. Interstitial radium alone was used. 

(7, B and C) An angulated 2-plane pattern implant was applied with the inner plane going through the upper alveolar 
vity of the maxillary antrum. The outer plane was implanted through the buccal mucosa into the soft 
r was estimated as the dose delivered daring the 120 








ridge into the c 
tissue of the cheek. A maximum of 7 
hours the implant remained in place. 

(D). Lesion before treatment. (E) The patient developed a brisk, confluent mucositis of the treated area which healed 
quickly after the treatment. There was good healing of the mucosa and bone. The dimple in the upper gum is one area 
hich is recessed, not perforating, and well epithelized. The patient is free of disease 1g months after trea ment. 





soo r and a minimum of 6 





xi 
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° 
: gum (Ine 
na "snuff-dipper" for 





ith invasion af the 





namous cell carcinoma of the left gingizobuccal sulcus 
ne) and buccal mucosa. The lesion was on a leukoplakic background. The patient had be 
rs. No lymph nodes were palpable. The teeth were in poor condition and some were loosely imbedded in the 






tumor; they were removed before treatment. Combined treatment by telecobalt therapy with a single field and inter- 


stitial rad 


ium was planned. 


CA-E) The interstitial therapy consisted of a complex pattern composed of 2 right angle plane implants, the vertical 


plane 
the patc 
represent 
estimatec 





patient pulled the needles out after 1, 


roing through bone and the horizontal plane inserted in the mucosa of the 


zum covering the whole tumor and 








hes of leukoplakia, as shown in the sketches 67 and B). At the time of the implant the residual tumor was 
ed only by an ulceration in the gum as shown in the sketch (7). The dose of the external beam radiation was 





nor to be 4,sco r delivered in 4 weeks. With the implant a dose of 2,500 r was planned, but the 
ots) 4 à 


at the tu 
o r had been delivered in 48 hours, and refused to have farther treatment. The 








reaction was mild. 


(F) Le 


sion before treatment. After 4 months of complete healing recurrence developed in the area. The recurrence 





was smal 
Comme 


which probably would require 7,000 to 8, 


in the bone with ulceration of the mucosa of the lower gum. The patient refused surgery. 
nt, The treatment was obviously insufficient for a well-differentiated squamous cell carci 
or total dose to be controlled, 





noma invading bone 
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29. M.W. so N F. Recurrent cutaneous and subcutaneous tumor after total enizectomy and bilateral groia dissection. 
Combined 220 kv. of roentgen therapy and interstitial radium was indicated. 

Gf, Band C) An implant of the complex pattern type was used. The folds of the groin were sutured togerer on each 
ide to ensure that the whole area would be included within the two planes. A single plane was used to irradiate the 
utaneous tumors in the mons veneris, A tumor dose of 4,000 r in g weeks was given with conventional therapy. An 
2 hours (average) was delivered by interstitial radium 2 weeks after the external irradiation was 














t 
additional 3, 
completed. 

The treatment was well tolerated. The patient developed a perianal recurrence 1 year later, which was treated by a 
volume radium implant, and is now free of disease 2 vears after the treatment. 


rin 





444 F. G. Bloedorn, C. A. Cuccia and R. Mercado, Jr. Marca, 196 




















// TO" Fior + H fad, mrt " E P " 
arcinoma after rad: ir carcinoma of the penis. lt was decided 





Fie. 3 





se combined 220 kv. roentgen therapy and radium implantation. 
(4, B and C) The radium implant was of a double volume pattern. A tumor dose of 3,0 
o rin 48 hours by the radium implant. 





rir 3 weeks was delivered 





by external irradiation, and 4,0 
(D) Lesion berore treatment. The tolerance was good and the mass disappe: ig a urethral fistula, When 
seen 4 months later, the patient had no obvious tumor; he died 6 months after therapy of unknown causes. 


leavi 





Vor. 85, No. 3 





31. J.G. s4 WM. Multiple recurrences of carcinoma of the bladder 4 years after total cystectomy and radon seed implanta- 
tion fn a prostatic extension, 





CT) Sketch showing site and extension of the disease and the planned radium pattern. A palliative treatment was 
indicated because of the slow evolution of the process. 

(B and C) A complex pattern radium implant was used consisting of a volume and small single plane in the perineum, 
and a 3-plane triangular arrangement for each groin. A dose of 6,000 r was delivered by the volume implan’ and s,000 r 
to each groin by the triangular arrangement in 96 hours. 

The treatment was well tolerated and all the lesions disappeared. The patient died 6 months later with distant 
metastases but with the treated lesions under control. 








Fic. 32. Residual car 


A 


mama of the bladder following roentgen therapy. (A and B) An interstitial radium 
implantation was performed through a cystotomy. 
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E 





pE; 
section of the posterior vaginal wall, 

(4) Location of recurrences. The vagina was so narrowed as to prevent proper implantation being carried out. It was 
decided to use interstitial radium therapy alone. A colpotomy was necessary in order to reach the upper masses (D). 

(B and C) A complex patternimplantation composed of 2 volumes was performed partially through the "enlarged" va 
na and partially through the skin of the perineum. A tandem was inserted in the uterus toincrease the dose medially. The 
volume of irradiation obtained is shown in idealized form in EK. The dose delivered was estimated to be between 6,000 
and 7,000 r in 94 hours. 

The patient had a fair reaction with delayed healing of the colpotomy and is presently free of tumor after 16 months. 
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CONCLUSION 


Some of the objections to interstitial 
gamma therapy are valid ones, but it 1s also 
true that if the same enthusiasm and inge- 
nuity that have been devoted to the devel- 
opment of external beam irradiation were 
applied to this field, interstitial therapy 
would be more widely employed and the 
objections against it reduced. The examples 
cited illustrate that interstitial gamma-ray 
therapy can be used even where indications 
are unusual, obtaining good results with a 
minimum of late changes and without un- 
due complications. 


Fernando G. Bloedorn, M.D. 
Division of Radiotherapy 
Department of Radiology 
University Hospital 
University of Maryland 
Baltimore, Maryland 
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RADIATION TREATMENT OF CANCER OF THE 
MOUTH, PHARYNX, LARYNX AND NECK* 


A RECORD OF SUCCESSFUL RESULTS 
By D. CATLIN, M.D. 


NEW YORK, NEW YORK 


INTRODUCTION 


I? IS the purpose of this paper to present 
a concise, factual record of successful re- 
sults obtained by radiation therapy in sev- 
eral forms of head and neck cancer treated 
at Memorial Hospital during the twenty- 
four year period from 1931 through 1954. 
It is furthermore purposed to make a prac- 
tical analysis of these successful treatment 
techniques and dosages. There is little 
value in dwelling on methods which have 
never succeeded. 

Fractionated radiation therapy of head 
and neck cancer began at Memorial Hos- 
pital in 1931. At that time we knew nothing 
of the dosage factors used by others as such 
data had not been published. We did know 
that roentgen therapy given in daily doses 
over a period of three to six weeks produced 
an intense reaction in the irradiated tissues, 
followed by gradual healing and, in some 
instances at least, by a complete disap- 
pearance of the tumor. 

In the beginning our treatment was 
planned mostly by guesswork. As time went 
on those techniques which succeeded were 
retained and those which always failed 
were discarded. By such a process of trial 
and error, we have arrived at the successful 
techniques and dosages described in this re- 
port. 

At no time during this period has our 
attending staff assumed that the problem 
of successful radiation therapy has been 
solved. The techniques have been flexible; 
there has always been an element of em- 
piricism in arriving at total dosage and the 
physical factors employed have been some- 
what influenced by the available equip- 


ment. New ideas and techniques have and 
are being constantly applied to special 
cases. With further understanding of the 
effects of ionizing radiation on cancer and 
with improved design in physical equip- 
ment, changes and modifications in radia- 
tion therapy will be in order. In the mean- 
time, a record of successful treatment 
methods used in the past has been helpful 
to us in outlining radiation therapy for 
patients today. 


SOURCE OF CLINICAL MATERIAL 


A careful search of the Memorial Hos- 
pital records and of the office records of our 
attending staff on the Head and Neck Serv- 
ice was made for the years 1931 through 
1954. An over-all period of twenty-four 
years was studied and only those patients 
remaining alive and free of cancer for five 
years or more are included. A positive 
biopsy was obtained from every cancer case 
recorded in this report. Additional success- 
ful cases have been discovered from time to 
time which were not found in the original 
search; these cases have been added. 


TYPE OF CLINICAL MATERIAL y 


As would be expected, the kind of head 
and neck cancer selected for this study 
comprises those tumors which were most 
frequently and successfully treated by 
radiation. Such cancers were found in the 
mouth, pharynx, larynx and neck and are 
listed in the order of their relative fre- 
quency in Table 1. 

Moreover, the cases recorded here are 
restricted to those in which the successful 
end result can be unequivocally credited to 


* From the Head and Neck Service, Memorial Hospital, New York, New York. 
Presented in part at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Ric», March 17-19, 1960. 
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Tage I 
HEAD AND NECK SERVICE, MEMORIAL HOSPITAL, 
NEW YORK CITY 
SUCCESSFULLY IRRADIATED CASES 





yosietqerdadudos Positive Biopsies 
931-195. iive ; Di 
quU from All Tumors 


Cancer of the Tongue 


a, Anterior two thirds 119 cases 


b, Base of tongue 55 
Subtotal 174 Cases 
Cancerous (metastatic) Neck 
Lymph Nodes 113 
Cancer of the Tonsil 101 
Cancer of the Nasopharynx 78 
Cancer of the Floor of the Mouth 51 
Cancer of the Extrinsic Larynx so 
Cancer of the Soft Palate 36 
Cancer of the Cheek ‘buccal 
mucosa) 3o 
633 cases 


Total 


radiation therapy alone. A great many 
more than an equal number of "cures" 
was obtained by a combination of radia- 
tion therapy and surgery or by surgery 
alone (see discussion on cancer of the 
tongue in section on Comment on Success- 
ful Cases), but, as the successful results 
could not be attributed solely to irradia- 
tion, these patients were omitted. Approxi- 
matelv 100 successful cases were found in 
which the radiation therapy used was so 
arbitrary and variable as to make them un- 
suitable for group analysis; these patients 
were not included. Also excluded were those 
patients whose primary cancers in the head 
and neck were controlled bv radiation but 
who died in less than five vears either of 
other causes or of distant metastatic cancer. 

It must also be pointed out here that 
several fairly common anatomic forms of 
mouth cancer are not included in this re- 
view. Cancers of the lips, gums, hard 
palate, paranasal sinuses and salivary 
glands are considered bv us to be best 
treated by surgery; too few of these pa- 
tients received their initial treatment by 
radiation to permit any useful group anal- 
ysis. 


Cancer of the Mouth, Pharynx, Larynx and Neck 
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Returning now to the patients com- 
prising this study, most of them were 
afflicted with squamous or epidermoid car- 
cinoma; there were some lymphosarcomas 
and a very few adenocarcinomas. In gen- 
eral, the histology and grade of the cancers 
did not influence the amount of -reatment 
given. Usually, it requires large amounts of 
radiation to destroy any given cancer, re- 
gardless of whether it is epidermoid car- 
cinoma or lymphosarcoma. The surprising 
fact here was that any adenocarc nomas at 
all were “cured” as most of then are re- 
sistant to irradiation. There comes to mind 
a thirty-three year old patient suffering 
from a $ cm. adenoid cystic type of ade- 
nocarcinoma in the base of the tor gue. This 
lesion permanently disappeared following 
the use of rather heavy roentgen radiation 
and radon seeds (4,550 r X 2 through bi- 
lateral 7 cm. lateral ports plus 21.8 mc in 
two doses of seeds) only to have the pa- 
tient die seven vears later of widespread 
pulmonary and skeletal metastatic cancer. 

All of our successful cases fell within the 
treatment ranges as described ir the sec- 
tions on Radiation Treatment Techniques. 
It was interesting to observe that as addi- 
tional "cured" patients were found in the 
latter part of our search, they also and al- 
most without exception were within the 
same ranges. Successful cases treated by 
us since 1954 mostly followed the same pat- 
tern. 


THE SUCCESSFUL CASES 


Table 1 is as complete as possikle and in- 
cludes all the successful cases found up to 
the time of writing this report (February, 
1960). The order of listing adhe-es to the 
relative frequency of the various anatomic 
forms of cancer. This list of 633 coses repre- 
sents in all likelihood the largest collection 
of successful results by "pure" radiation 
therapy that we will ever assemble on our 
Head and Neck Service because cf our ever 
increasing reliance on surgery at some point 
in the treatment of most of these types of 
cancer. 

Table 1 indicates that cancer of the 
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tongue was the most common tumor 
treated. Furthermore, the tongue is divided 
into its anterior two-thirds and the base, as 
the treatment techniques for the two areas 
are different. Also, cancer occurred about 
twice as often in the anterior part of the 
tongue. 

Most of the 113 patients with metastatic 
neck lymph nodes also had successfully 
irradiated cancers elsewhere in the mouth 
or pharynx. Such patients are listed two or 
more times, once under each of the respec- 
tive sites treated. A few patients had two 
unrelated and successfully treated primary 
cancers; these patients are also listed twice. 
Therefore, it can be understood that the 
total number of cases recorded is actually 
greater than the number of patients 
treated. However, in each instance a proved 
deposit of cancer was treated and con- 
trolled. 


COMMENT ON THE SUCCESSFUL CASES 


One of the more interesting discoveries 
to come out of the study of the hundreds 
of hospital records from which these cases 
were selected was the regularity with which 
the various types of successful cases fell 
into the same recognizable treatment “pat- 
tern.” It is true that many failures also oc- 
curred in these same patterns but only 
very isolated successes were found outside 
them. Some cancers are just not curable as 
yet by any known type of treatment. 

It is apparent also that many of these 
633 successful radiation cases would now 
be treated by surgery. During the last two 
years of this study (1953 and 1954), not a 
single cancer of the anterior two-thirds of 
the tongue, floor of the mouth, cheek or 
extrinsic larynx could be found which was 
successfully treated by radiation alone. Sur- 
gery is being used for most mouth cancers, 
especially when the lesions encroach on 
either the mandible or maxilla. Our policy 
of laryngectomy for all resectable cancers 
of the extrinsic larynx has improved our 
five year salvage (based on total experi- 
ence) from Io per cent to 30 per cent. Inter- 
estingly enough, there were 21 instances 
during these last two years in which radia- 
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tion controlled metastatic cancer in neck 
lymph nodes even though neck dissection 
is now the preferred treatment. 

This list of 633 successful cases is a se- 
lected collection and is of no value in deter- 
mining end results. For example, during the 
fifteen year interval 1939 through 1953 a 
total of 1,554 cancers of the tongue was 
seen with a salvage of 467 cases, represent- 
ing a gross five year cure rate of 30 per cent 
and a net rate of 35.4 per cent among the 
determinate patients. Although our list of 
successful radiation cases covers the longer 
interval of twenty-four years, there are 
only 174 patients with cancer cf the tongue. 
These 174 successful cases comprise only a 
fragment of our total experience and can- 
not be used alone to calculate a meaningful 
end result. 

In this study we are concerned exclu- 
sively with the good results of radiation. 
When embarking on a course of radiation 
treatment for a particular patient, it is use- 
ful to have at hand a record of past suc- 
cesses as a guide. This supplies us with a 
pattern of successful performance; we have 
found it extremely helpful and will con- 
tinue to use it until something better is 
available. 


RADIATION AGENTS, FACTORS 
AND DATA 


As would be expected over a twenty- 
four year period in a busy hospital in which 
radiation therapy is given to a great num- 
ber of patients, the apparatus was both 
altered and replaced, so that all our cases 
were not treated with the same equipment. 
However, the changes were not radical and 
the general principles of our treatment 
program remained essentially the same. At 
its best, clinical radiation therapy is an in- 
exact and empirical treatment method— 
one of its frustrating aspects. 


ROENTGEN THERAPY 


The roentgen therapy machines used in 
treating the cases in this study are in the 
high voltage (200-250 kv.) and low voltage 
(100-130 kv.) category. 

High Voltage Roentgen Rays. We em- 
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ployed high voltage roentgen rays on all 
cancers which lay at or involved tissues at 
a depth greater than 2 cm. from the surface 
of the skin or mucous membrane. At the 
beginning we used a machine operating at 
200 kv., filter 0.5 mm. Cu, half value laver 
0.9 mm. Cu, and target skin distance 35-70 
cm. Later on, some treatment was given at 
220 kv., filter o.c mm. Cu, half value laver 
1.0 mm. Cu, and target skin distance 35— 
6o cm. Finally, we used the machine, the 
one still in use, which operates at 250 kv., 
filter 1.5 mm. Cu, half value laver 2.0 mm. 
Cu and target skin distance 35-50 cm. The 
longer target skin distance was frequently 
used in treating the more deeply seated 
tumors although the difference in depth 
dose at so cm. target skin distance com- 
pared to 35 cm. target skin distance is prob- 
ablv of little clinical value. For example, 
through a 4 cm. cone the depth dose at 5 
cm. with a target skin distance of so cm. 
per 100 r in air is about $5 r. When the 
target skin distance is changed to 35 cm., 
the dose at 5 cm. is so r and the treatment 
time is halved. 

One interesting and important clinical 
observation was made by us during these 
years. As the potential of our roentgen-rav 
machines was increased from 200 kv. to 
250 kv., the tissue reaction at the treatment 
site was less intense for the same air dose. It 
was necessary for us to increase the air dose 
15 to 20 per cent to produce the same tissue 
reaction at 250 kv. which we were accus- 
tomed to see with the lower dose at 200 kv. 

Low Voltage Roentgen Rays. We pre- 
ferred low voltage peroral roentgen ravs to 
treat superficially located cancers of the 
oral mucous membranes. The physical 
factors of our machine are 100-130 kv., 
filter none (except the tube wall, a 1.0 mm. 
Al equiv.) to a o.1 mm. brass plus 0.25 mm. 
Al, half value layer 1.2-5.2 mm. Al and 
target skin distance 15-30 cm. The higher 
voltage, added filters and longer target skin 
distance were used for the more deeply in- 
filtrating surface cancers. This machine is 
very flexible and can be easily adjusted to 
deliver accurately localized peroral treat- 
ment (Fig. 1). The rapid output at 100 kv. 
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j. 
Fic. r. Low voltage (100 kv.) roentgen tierapy. The 
position of the peroral cylinder is checked by the 
therapist using an electrically lightec periscope. 


with no added filter and at 20 cm. target 
skin distance (soo r in air in 2.4 minutes) 
enables a patient to remain perfectly quiet 
even during a somewhat uncomfortable 
peroral set-up. 

Position and Size of Port. In contrast to 
some of the other physical factors of radi- 
ation. therapy, the importance of portal 
position and size should be understood and 
can be carefully controlled. On our pre- 
scription form for radiation treatment, we 
indicate the ports, using anatcmic dia- 
grams to show their exact position and the 
direction in which the roentgen--ay beam 
is to be aimed (Fig. 2). Round or eval ports 
are employed almost exclusively to elimi- 
nate useless corners and thereby reduce the 
total volume of irradiated tissue by a sig- 
nificant amount (Fig. 3). We coacentrate 
our effort on selecting the smallest port that 
will cover the cancer with a reasonable 
margin of surrounding normal zppearing 
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(Treatment will not be given unless this proesciption he s doctor) 





Fra. 2. Roentgen-ray treatment prescription form listing treatment factors. Included also are anatomic 
diagrams showing the exact position of ports and the direction of the roentgen-ray beam. 





Fro. 3. Diagrams showing round and oval roentgen- 
ray ports. By eliminating useless corners the vol- 
ume of tissue irradiated is reduced approximately 
20 per cent. The tattoo marks are made in the skin 
and facilitate accurate placement of the port for 
each treatment (see text). 


tissue. Two or more ports are employed 
whenever there is the possibility of cross 
firing the cancer. In this manner the total 


radiation dose through each port can be 
made less than if only a single port is used. 

The position of the port is localized on 
the patient’s skin by tattooing. A single 
tiny tattoo mark is used for a circular port? 
When two straight lines are drawn at a 
right angle on the skin from a central 
tattoo, the treatment cylinder can be per- 
fectly centered by bisecting its circum- 
ference with both lines. For an oval port, 
two tattoo marks are made on the skin to 
correspond to the edges of the long diam- 
eter of the treatment area (Fig. 3). The use 
of these indelible cutaneous marks permits 
exact reproduction of the physical set-up 
day after day until the prescribed course 
of therapy is completed. In peroral roent- 
gen treatment for accessible mouth cancers, 
the metal cylinder is accurately centered 
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over the lesion by visual inspection through 
an illuminated periscope incorporated into 
the machine (Fig. 1). 

We feel strongly that the best way to de- 
stroy cancer is to keep the portal size as 
small as possible and run the total dose of 
roentgen rays up close to the limit of nor- 
mal tissue tolerance. The smaller the port 
used, the larger the total dose of roentgen 
rays can be. In this entire study there were 
only 4 instances where cancer was con- 
oled using a port of 10 cm. diameter or 
larger. 

The use of small treatment ports neces- 
sitates the positioning of the patient under 
the roentgen-ray machine with great care 
and the prohibiting of motion during the 
treatment interval. Consequently we insist 
on contact between the machine and the 
patient. A metal cylinder (either round or 
oval) of selected diameter is pressed firmly 
against the skin (Fig. 4). Several small 
sandbags are used to help immobilize the 
head and neck. 

All patients are examined frequently dur- 
ing treatment. If the radiation reaction 
does not appear properly localized, the size, 
position and direction of the treatment 
cylinder can be promptly corrected. Re- 
lance on a moderate sized, accurately 
placed port based on a thorough knowl- 
edge of anatomy permits the administra- 
tion of extremely well directed and effec- 
tive radiation therapy. 

Roentgen-Ray Dosage. Although the full 
"importance of both “protraction and in- 
tensity of roentgen rays is poorly under- 
stood, these facters are of practical value 
in planning a successful radiation dose. The 
prescription form is filled in carefully and 
the treatment is outlined to cover a pe- 
riod of three to four weeks (Fig. 2). Ra- 
diation treatments are given either daily 
or every other day, depending on the num- 
ber of ports being used. Our patients are 
examined at frequent intervals between 
treatment "set-ups." The treatment pro- 
gram can be modified, interrupted, pro- 
longed or completed, depending on the de- 
gree of tumor regression, the intensitv of 
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Fic. 4. High voltage (250 kv.) roentgen-ray therapy. 
Note that the circular cylinder is pressed firmly 
against the patient's neck to prevent any motion 
during the treatment period. 


the radiation reaction and the tclerance of 
the patient. The daily and tota. doses of 
radiation given to each port kave been 
worked out by trial and error plis a good 
deal of hard experience. The details of 
treatment and the dosage data are included 
in the section on Radiation Treatment 
Techniques further along in this report. 
The output of our roentgen-ray machines 
is measured in roentgens delivered in air. 
Our daily and total doses to exch treat- 
ment port are expressed also in roentgens 
in air. The "air" dose is fundamental. It 
can be easily and accurately measured; it is 
the basic "applicator" dose from which all 
other kinds of doses must be derived. Our 
radiation and physics departments have 
taken our air doses and from them calcu- 
lated tissue doses in the various tumors at 
the center of the roentgen.ray beam. To 
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complete our treatment record, these cen- 
tral tissue doses are listed adjacent to our 
air doses in the section under Radiation 
Treatment Techniques.* Knowing our own 
inability to determine with any degree of 
accuracy either the exact position or extent 
of any given cancer, we place little con- 
fidence in the value of a “calculated” tissue 
dose. 


RADON SEED THERAPY 


Since 1926 there has been available at 
Memorial Hospital an apparatus for col- 
lecting the radon gas emanating from a 
solution of radium chloride, the so-called 
Radium Emanation Plant. Radon gas is 
pumped into fine gold tubing which is cut 
and sealed in 4.0 mm. lengths to form our 
“radon seeds.” These seeds vary in radio- 
active strength from 0.3-3.0 mc. The 0.3 
mm. wall thickness of the gold tubing re- 
moves by filtration g1 per cent of the beta 
radiation given off by the radon. The half 
life of a radon seed is 3.82 days, making it 
unnecessary to remove it from the tissue 
into which it is implanted. 

Interstitial Radon Implantation. Gold 
radon seeds are considered by us to be 
most useful and practical for supplementing 
roentgen therapy with interstitial radia- 
tion. Our practice is to insert seeds when- 
ever possible and not to rely exclusively on 
roentgen rays to destroy the cancer being 
treated. We plan to interrupt roentgen 
treatment about one-half way through the 
prescribed course and implant the cancer 
with radon seeds. Following a rest of two to 
three days roentgen treatment is resumed 
and, when completed, a second dose of 
seeds is implanted if any palpable tumor re- 
mains. In a few instances even a third dose 
of seeds may be needed one week later if the 
cancer has failed to regress completely. In 
the early years of this study we used seeds 
containing I.5—2.0 mc each and frequently 
implanted a total amount of 30-40 mc. 

Further experience taught us that we 
could avoid or at least minimize tissue 

* The author wishes to express his appreciation to Mr. Richard 
F. Nelson and Dr. John Laughlin of the Physics Department for 


the dosimetry analysis of the external radiation and of the inter- 
stitial radon applicators. 
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necrosis bv using seeds of the strength of 
1.0 me or less and by never implanting 
more than 20-30 mc in any one area of the 
mouth or neck, 

Radon Seed Dosage. The dose of gold 
seeds is best expressed as the total number 
of millicuries implanted. This again (as 
with r in air for roentgen rays) is the basic 
“applicator” dose from which all other 
doses must be calculated. The millicurie 
hour dose is obtained by multiplying the 
total millicuries implanted by 133 hours. 
An approximate tissue dose can be calcu- 
lated by estimating the volume of tissue 
implanted and assuming that the seeds 
have been uniformly distributed in the 
treated area. Such tissue doses have been 
calculated for the seeds by our Radiation 
Physics Department and are included in 
the section on Radiation Treatment Tech- 
niques. Clinically, we prefer to rely on the 
dose of millicuries implanted. 

Technique of Radon Seed Implantation. 
The implantation of gold seeds is not diffi- 
cult and with care a reasonable, although 
not perfectly uniform, distribution of 
sources can be obtained. With a local 
infiltration of novocain, a trocar is used to 
carry the seed through a puncture wound in 
healthy skin into the cancer, thus avoiding 
direct trauma to an ulcerated and super- 
ficially infected tumor. Intravenous pento- 
thal is occasionally used when implanting a 
tender, painful cancer in the mouth or 
pharynx. Cancers of the tongue, floor of the 
mouth, and tonsil lend themselves well to* 
implantation through the skin of the upper 
neck (see diagram in section on Radiation 
Technique for Cancer of the Floor of the 
Mouth). Metastatic neck lymph nodes are 
implanted directly through the overlving 
normal skin (see diagram in section on Ra- 
diation uda for Cancerous Neck 
Lymph Nodes). We trv as nearly as possi- 
ble to implant the seeds 1.0 cm. apart; 
perfect distribution is impossible, but a 
good spacing of seeds is facilitated in those 
cases in which no trocar is removed until 
the whole implantation is completed. De- 
spite this somewhat crude and empirical 
method of using interstitial radiation, the 


clinical effect is often most gratifying; it has 
aided on many occasions in the permanent 
struction of deposits of cancer. 
Nasopharyngeal Radon Seed Applicator. 
in treating cancers of the nasopharynx, the 
use of interstitial radiation is impractical 
because most of these tumors are too small 
to be implanted with radon seeds. Conse- 
quently, we use a small brass applicator 
‘filtration: 2.2 mm. brass equiv.) contain- 
ing radon seeds which is inserted through 
the nasal cavity so as to rest adjacent to the 
cancer (see diagram in section on Radiation 
Technique for Cancer of the Nasopharvnx). 
The brass capsule on the applicator is 
loaded with 12-14 me of radon sufficient to 
give a dose of 500-600 mc hr. in forty-eight 
hours. In this type of intracavitarv radia- 
tion, the dose must be expressed in milli- 
curie hours and not in millicuries implanted 
as the applicator is removed after a speci- 
fied interval. [t is our practice to insert the 
nasopharyngeal applicator one-half wav 
through the course of roentgen-ray treat- 
ment. 

A technique of radiation therapy using a 
combination of roentgen ravs and radon 
seeds makes it possible to keep our treat- 
ments within the range of previous suc- 
cesses without being forced to use the maxi- 
mum amount of either agent. Such a pro- 
gram seems to us both reasonable and 
practical. 





RADIATION TREATMENT TECHNIQUES 


* In this section nine different techniques 
are given for treating nine different an- 
atomic forms of mouth, pharynx, larynx, 
and neck cancer. Not all of the successful 
cases included in this report were treated 
only by the nine techniques described. 
Some of the earlier cases were treated with 
different roentgen-rav machines and with 
some modifications in the other treatment 
factors.* 

Despite frequent minor variations, the 
basic principles of our treatment have re- 

* Those readers interested in examining our other treatment 
techniques are referred to the manual “Treatment Factors in 
Radiation Therapy of Cancer of the Mouth, Pharyns and 


Larynx” by Hayes Martin, M.D. Published by United Surgical 
Supplies Co., Mamaroneck, New York, 1954. 
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mained the same. The techniques de- 
scribed here are the ones in curren: use on 
our Head and Neck Service and seem to be 
the most satisfactory to date. No original- 
ity or infallibility is claimed for these tech- 
niques; they are simply the treatment 
methods which have been most often suc- 
cessful in our hands. 

In describing these treatments the ad- 
jectives “median” and “range” are pur- 
posely used to modify the size of the lesions 
and roentgen-ray ports, all the deses, and 
the length of therapy. The median figure is 
one around which the greatest number of 
successes was found. The range fizures de- 
note the limits in variation in size and other 
factors within which all our successful cases 
lay. The median figure coupled with its 
range of successful values is more accurate 
and informative than a single average 
figure. Almost no controlled ceses were 
found outside the ranges listed; those which 
were, are too bizarre for useful analysis. 
Attention is directed to the ve-v broad 
range in doses in most of our techniques. 
This is best explained by the marked varia- 
tion with which supposedly similar cancers 
respond to identical forms of radiation 
treatment. One cancer will completely re- 
gress with a dose of “X?” roentgeas; a sec- 
ond, similar appearing cancer will show 
only a moderate degree of regression follow- 
ing a dose of “2 X" roentgens, and so forth. 
Little is yet understood about this biologic 
difference in cancers. 

In general, it can be stated tha:, in most 
instances where the portal size is small, the 
total dose of roentgen rays will lie at the 
high end of the range. Conversely, when 
the port is large, the roentgen-ray dose 
tends to be at the low end of the range. Also 
the total dose of roentgen rays is usually 
influenced by the amount of mterstitial 
radon seeds used; the greater the number 
of seeds implanted, the nearer the lower 
end of the range is the total dose of roent- 
gen rays and vice versa. The same can be 
said for the individual doses o7 roentgen 
rays, which also tend to vary inversely with 
different portal sizes; the lower doses are 
coupled with the larger ports and vice 
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versa. The length of the treatment period 
is largely governed by the number of ports 
used and individual set-ups needed to com- 
plete the outlined course. Those cases which 
require multiple ports are under treatment 


the longest (for more about protraction of 


treatment see Discussion section). 

All the above mentioned facts become 
increasingly self evident with practice. The 
important thing to remember in treating 
new cases is to approximate these mean 
doses when feasible and always be doubly 
certain that the program of treatment is so 
planned as to lie within the range of previ- 
ous success. 

In the following descriptions of radiation 
techniques all roentgen-ray doses are ex- 
pressed in “roentgens in air," except when 
specified otherwise. l 


RADIATION TECHNIQUE FOR CANCER OF THE 
ANTERIOR TWO-THIRDS OF THE TONGUE 
Comment. In this group of 119 success- 
fully treated patients, the largest number 
(61) were treated by the combination of 
low voltage peroral roentgen therapy 


Low Voltage Roentgen Rays. 
One peroral port. Fixed factors: 100 kv., no filter added; 
HVL 1.5 mm. Al; 20 cm. TSD. 
Gold Radon Seeds. 





LV. X-RAY 
SEEDS (THRU 
SKIN OF 
SUBMENTAL 
AREA OR DIRECTLY 
INTO TONGUE) 
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supplemented with gold radon seeds. We 
favor the low voltage apparatus for peroral 
set-ups because of its extreme flexibility 
and the accuracy with which the treatment 
cylinder can be centered on the cancer. 
Radon seeds are implanted either directly 
into the tongue cancer or preferably 
through the skin of the submental area 
when possible; they augment the depth 
dose around and within the cancer. In 
most of these patients the radon seeds 
were implanted in a single dose or in two 
doses divided by a seven to ten day in- 
terval during the course of peroral roent- 
gen irradiation. The larger doses of radon 
were given in association with the lower 
total doses of roentgen rays. In g patients 
no radon seeds were used at all because of 
rapid and complete regression of their 
tumors with roentgen rays alone. One 8 
cm. tumor was actually 8X 3.5 cm. and the 
largest practical cylinder (4 cm.) was used 
tangentially, thereby covering the whole 
diameter of the cancer. In recent years we 
have preferred surgery for cancers located 
in the anterior two-thirds of the tongue. 


RADIATION TECHNIQUE FOR CANCER OF THE 
BASE OF THE TONGUE 


Comment. Thirty-two of these 55 pa- 
tients were treated with two lateral ports 
only, the third suprahyoid port being 
omitted. The median total dose of roentgen 
rays and the successful range doses using 
two lateral ports are: total dose: median 
3,890 rX2 (range 2,100 rX2-6,600 rX2).° 
In our more recent cases we have added the 
third port, our purpose being to reduce 
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Size of Tongue Cancer. 
Median diameter 2 cm. (range 1-8 cm.) 
Roentgen Therapy. 
Peroral Port: Median diameter 3 cm. (range 2-5 cm.) 
Individual Dose: Median 600 r (range 350-1,000 r) 
Total Dose: Median 10,000 r (range 3,000-12,000 r) 
(tumor dose: 6,600 r) 


'. Radon Seeds. 


Total Dose: Median 9 mc (range 4-25 mc) (tumor dose: 
10,000 r) i 
Treatment Period, 
Duration: Median 30 days (range 12-58 days) 
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High Voltage Roentgen Rays. 
Two lateral ports, one suprahyoid port. Fixed factors: 
2:0 kv.) HVL 2.0 mm. Cu; 35 em. TSD. 


Gold Radon Seeds. 







SEEDS (THRU SKIN OF 
SUBMENTAL AREA) 


Size of Tongue Cancer, 
Median diameter 3 cm. (range 1-7 cm.) 
Roentgen Therapy. 
Lateral Ports: Median diameter 6 cm. (range 6-7 cm.) 
Suprahvoid Port: Median diameter « cm. (range £-7 cm.) 
Individual Dose: Median 400 r (range 2567400 r) 
Total Dose: Median 3,500 r X 3 (range 3,000 r X 374,200 
r X 3) (tumor dose: 5,000 r) 
Radon Seeds. 
Total Dose: Median 23 mc (range 6-35 mc) (tumor dose: 
8,000 r) 
Treatment Periad. 
Duration: Median 36 days (range 24-64 days) 





slightly the total roentgen-ray dose through 
each port while maintaining the same or an 
increased dose to the base of the tongue. 
The largest base of tongue cancer con- 
trolled by radiation was 7 cm. in diameter 
and was an isolated instance. Large cancers 
in this area are now attacked surgically, 
particularly if a metastatic neck. lymph 
node (or nodes) is present on the first ex- 
amination., 


RADIATION TECHNIQUE FOR CANCEROUS 
(METASTATIC) NECK LYMPH NODES 

Comment. During the first ten years or 
so of this report, the treatment of cervical 
metastatic cancer was almost exclusively 
by some form of roentgen therapy. In most 
instances we employed a single high voltage 
neck port supplemented with interstitial 
seeds as outlined in the preceding para- 
graph. The seeds were usually implanted 
one-half way through the treatment pro- 
gram with a possibility of a second implan- 
tation at the completion of roentgen ir- 
radiation if residual cancer was palpable. 
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In a few patients even a third implantation 
was done. Our tendency was to match the 
smaller dose of roentgen ravs with the 
larger dose of radon and vice versa. In 10 
patients in this group of 113 cases, no 
radon seeds were used as regression was 
complete without them. We learred that 
the single most important factor in control- 
ling neck cancer by radiation was the size 
of the growth. The smaller the area of 
metastasis, the better the prognosis. Roent- 
gen-ray ports larger than 8 cm. in diameter 
were only rarely successful. Larger ports of 
10, 11, and 14 cm. were each successful in 1 
patient only; a 12 cm. port controlled neck 
cancer in 2 instances. This serious limita- 
tion of effective irradiation to the aeck has 
convinced us that complete neck dissection 
is the treatment of choice in most of the 
resectable cases. 
High Voltage Roentgen Rays. 

One neck port. Fixed factors: 250 kv.; HVL zo mm. Cu; 

35 cm. TSD. 

Gold Radon Seeds. 


HV X-RAY 
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Size of Neck Cancer. 
Median diameter 3 cm. (range 1-9 cm.) 
Roentgen Therapy. 
Neck Port: Median diameter 4 cm. (range 2 5-14 cm.) 
Individual Dose: Median 400 r (range 150-:,900 r) 
Total Dose: Media 200 r (range 3,000-19,000 r) (tu. 
mor dose: 3,650 r) 
Radon Seeds, 
Total Dose: Median 17 me (range 3.5-27 me) (tumor 
dose: 15,000 r} 
Treatment Period. 
Duration: Median 27 days (range 12-53 dzys) 
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RADIATION TECHNIQUE FOR 
CANCER OF THE TONSIL 

Comment. Cancers of the tonsil are fre- 
quently undifferentiated and anaplastic. In 
addition, the tonsil is the most common site 
in the mouth and pharynx for lymphosar- 
coma. Consequently, many tonsil cancers 
are sensitive to and regress quickly under 
treatment with radiation. Such was our ex- 
perience with this group but prompt re- 
gression of the tumor did not necessarily 
deter us from delivering a full “cancer- 
lethal” dose of roentgen rays (even in the 
lvmphosarcomas), usually supplemented 
with radon seeds. Our early cases were 
treated with two opposing mandibular 
ports and we still use this technique in pa- 
High Voltage Roentgen Rays. 

(A) One mandibular port. Fixed factors: 250 kv; HVL 

2.0 mm. Cu; 35 cm. TSD. 

Low Holtage Roentgen Rays. 

(B) One peroral port. Fixed factors: too kv., no filter 

added; HVL r.g mm. Al; 20 cm, TSD. 

Gold Radon Seeds. 


LM X-RAY 







SEEDS (THRU 
SKIN OF NECK) 


Ve H.V X-RAY 
Size of Tonsil Cancer. 


Median diameter 3 cm. (range 1-6 cm.) 
Roentgen Therapy, 
(A) Mandibular Port: Median diameter s cm. (range 4- 
7 em.) 
Individual Dose: Median 350 r (range 300-600 r) 
Total Dose: Median 4,000 r (range 3,000-6,300 r) 
(tumor dose: 2,280 r) 
(B) Peroral Port: Median diameter 3.5 cm. (range 2.5- 
4.5 cm.) 
Individual Dose: Median soo r (range 400-1,000 r) 
Total Dose: Median 3,000 r (range 2,500-9,000 r) 
(tumor dose: 4,760 r) 
Radon Seeds. 
Total Dose: Median 9 mc (range 3-25 mc) (tumor dose: 
10,000 r) 
Treatment Period. 
Duration: Median 28 days (range 17-30 days) 
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tients in whom peroral therapy is not prac- 
tical. The roentgen-rav doses for the two 
high voltage mandibular ports are as 
follows: total dose: median 4,100 rX2 
(range 2,200 rX2-4,500 rX2). During the 
last few vears we have been performing 
radical operations on many patients with 
tonsil cancers who also present homolateral 
metastatic lymph nodes on the first exami- 


nation. 


RADIATION TECHNIQUE FOR CANCER OF 
THE NASOPHARYNX 

Comment. Although cancers of the naso- 
pharynx are usually small (the largest in 
our group was 3 cm.), their deep location 
and intimate contact with the base of the 
skull will undoubtedly preclude their suc- 
cessful removal by surgery. All our cases 
were treated bv radiation and in the begin- 
ning we used only two cheek ports. Some- 
what later we added the nasopharvngeal 
radon applicator and then a third high 
voltage peroral port. A high incidence of 
radionecrosis of the soft palate discouraged 


High Voltage Roentgen Rays. 
Two malar ports; two zygomatic ports. Fixed factors: 
250 kv.; HVL 2.0 mm. Cu; 35 cm. TSD. 
Tntracavitary Radon Applicator. 





RADON 
APPLICATOR 


HM. X-RAY 


Size of Nasopharvnx Cancer. 
Median diameter 2 cm. (range o.§~3 cm.) 
Roentgen Therapy. 
Malar and Zygomatic Ports: Median diameter § cm. 
(range 4-6 cm.) 
Individual Dose: Median 400 r (range 200-600 r) 
Total Dose: Median 3,500 r X 4 (range 2,100 r X a~ 
4,100 r X 4) (tumor dose: 5,300 r) 
Radon Applicator. 
Total Dose: Median 600 mc hr. (range à 
(tumor dose: 15,000 r} 
Treatment Period. 
Duration: Median 36 days (range 20-58 days) 


o- 1,500 me hr.) 
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continued use of a peroral cylinder. Finally 
we adopted the technique of four cheek 
ports supplemented with the radon capsule 
which remains our treatment of choice now. 
We cross fire the nasopharynx with multi- 
ple ports and avoid giving an excessive dose 
of roentgen rays through any single port. 

It is customary to insert the radon appli- 
cator into the nasopharynx at a stage half- 
way through the treatment period, at which 
time the roentgen irradiation is interrupted 
bor four to five days. The applicator re- 
mains in the nasopharynx for forty-eight 
hours. Our early doses of radon were large 
‘approximately 1,020-1,200 mc hr. and in 
i patient 1,600 mc hr.) and, though suc- 
cessful, were frequently followed by per- 
sistent radionecrosis and exposed bone. We 
have learned that the most satisfactory 
dose for intracavitary radon is 500-700 
me hr. 

Most of our patients with nasopharynx 
cancer also have metastasis to the neck 
vmph nodes, frequently bilaterally. The 
nasopharynx cancer is usually destroved by 
our irradiation but failure to cure is due to 
ancontrolled regional or svstemic metas- 
tasis. 





RADIATION TECHNIQUE FOR CANCER OF THE 
FLOOR GF THE MOUTH 

Comment. Radiation treatment of cancer 
of the floor of the mouth has been most 
successful in smal! and centrally located 
tumors when the adjacent alveolar ridge 
fnd mandible could be adequately pro- 
tected from the destructive effect of cancer- 
‘ethal irradiation. In this present series of 
st cases, the largest successfullv treated 
cancer was 6 cm. 1n diameter; in this case 
an additional 4,500 r of roentgen ravs 
(200 kv.) was given through a 7 cm. sub- 
mental port. For most of our patients, we 
favored the use of a single low voltage 
peroral port supplemented with radon 
seeds. The set-up was sometimes difficult 
and required extraction of some anterior 
teeth to permit accurate angulation of the 
peroral cone. Both circular and oval ports 
were used, care being taken to protect the 
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Low Foitage Roentgen Rays. 
One peroral port. Fixed factors: 100 kv., no Alter added; 
HVL 1.5 mm. Al; 20 cm. TSD. 
Gold Radon Seeds. 









SEEDS 
(THRU SKIN oF 
SUBMENTAL AREA) 


Size af Floor of Mouth Cancer. 
Median diameter 2 cm. (range 1-6 cm.) 
Roentgen Therapy. 
Peroral Port: Median diameter 3 cm. (range 1=5 cm.) 
Individual Dose: Median 500 r (range 400-1000 r) 
Total Dose: Median 9,500 r (range 6,000-12 200 r) (tu- 
mor dose: 6,270 r) 
Radon Seeds. 
Total Dose: Median 8 mc (range 5-22 mc) (tumor dose: 
9,000 r) 
Treatment Period. 
Duration: Median 2: days (range 18-35 day.) 


adjacent alveolar ridge. For this purpose 
special lead shields were made by our 
dental department to accurately fit over the 
lower gum. Radon seeds were implanted 
through the skin of the submental area with 
a guiding finger placed on the cancer in the 
floor of the mouth. Irradiation of more ex- 
tensive cancers resulted in so much pro- 
longed radionecrosis of the mandible that 
surgery is now preferred for these larger 
tumors. 


RADIATION TECHNIQUE FOR CANCER O 
EXTRINSIC LARYNX 


THE 


Comment. From 1931 until abcut 1944 
all our patients with extrinsic laryrx cancer 
were treated with some form of radiation. 
In some of the early cases we triec supple- 
menting roentgen ravs with radcn seeds, 
which we either implanted into ar placed 
on the surface of the cancer with en appli- 
cator. Following the use of radon seeds, 
there were frequent complications due to 
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High Voltage Roentgen Kays. 
Two oblique ports. Fixed factors: 250 kv.; HVL 2.0 mm. 
Cu; soem. TSD. 





Size of Extrinsic Larynx Cancer, 
Median diameter 2.5 cm. (range 1-4 cm.) 
Roentgen Therapy. 
Oblique Ports: Median diameter 7 cm. (range 5-10 em.) 
Individual Dose: Median 350 r (range 150-500 r) 
Total Dose: Median 4,000 r X 2 (range 3,509 r X 2- 
$,100 r X 2) (tumor dose: 6,000 r) 
"Treatment Period. 
Duration: Median 31 days (range 13-52 days) 


slough and necrosis occurring in the larynx. 
There were very few successes and the 
radon seeds were soon abandoned. There 
remains only 1 five year control in which 
supplementary radon seeds were used in the 
extrinsic larynx. Radionecrosis in the 
larynx was a serious complication, usually 
resulting in failure; there were only 2 such 
patients in a total of so successful cases. 
As a matter of some interest a careful study 
was made of too cases of extrinsic larynx 
cancer in which roentgen therapy failed to 
cure. Larynx cancer was chosen purposely 
because the roentgen treatment is simple 
and direct; no radon seeds were used. Only 
those cases were selected in which the pre- 
scribed course of treatment was completed 
as outlined. Failure was due either to per- 
sistent cancer in the larynx or to the lethal 
effects of radiation such as radionecrosis, 
hemorrhage and sepsis. Patients with ad- 
vanced larynx cancer and those who did 
not complete treatment were excluded from 
this study. Among the failures, the primary 
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tumors were similar in size and extent to 
those seen in the co successfullv irradiated 
cases. The treatment factors, the median 
dose, and dosage range were similar for 
both groups. Successes and failures fell into 
the same general treatment pattern. In 
about one-half of the failures, radionecrosis 
and persistent cancer were coexistent on 
the same site; a roentgen rav dose sufficient 
to kill normal tissue was inadequate to 
destrov cancer. The only reasonable ex- 
planation for the difference between success 
and failure is to assume that some cancers 
are curable by roentgen rays and others 
simply are not, regardless of the dose and 
physical factors used. We finally came to 
rely entirely on high voltage roentgen 
rays (200-250 kv.) delivered through 
oblique circular ports, so directed as to 
cross fire the larvnx. Today we use radia- 
tion only for nonresectable cases and for 
recurrence following surgery. Our preter- 
ence for surgery as the initial form of treat- 
ment in all resectable extrinsic larynx 
cancers has greatly increased our over-all 
five vear cure rate. 


RADIATION TECHNIQUE FOR CANCER 
OF THE SOFT PALATE 

Comment. In this anatomic form of 
mouth cancer, we used at least 5 different 
radiation techniques, all of which were, on 
occasion, successful. Various combinations 
of external high voltage ports with or with- 
out a peroral low voltage port were all 
used, often supplemented with radon seed$. 
However, the technique which was most 
often successful and the one in greatest use 
now employs a single peroral roentgen-ray 
port supplemented with implantation of 
radon seeds. In 2 patients the soft palate 
cancers were 6 cm. in diameter and were 
too large to be covered bv a peroral cylinder 
alone. Therefore, two lateral 7 cm. circular, 
high voltage cheek ports were added for a 
roentgen-ray dose of 3,000 rX2. A single 
small cancer of the soft palate was treated 
successfully with 10.1 mc of radon seeds 
alone. In most cases the seeds were 1m- 
planted directly into the tumor through the 
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e Voltage Roentgen Rays. 
One peroral port, Fixed factors: 100 kv., no filter added; 
HVL r$ mm. Al; 20 em, TSD. 
Goid Radon Seeds, 






SEEDS (INTO 
PALATE) 


L V. X-RA 


Stee af Soft Palate Cancer. 
ian diameter 2 cm. (range 1.6-6 em.) 
Roentgen Therapy, 
Peroral Port: Median diameter 3 cm. (range 2.5-5 cm.) 
Individual Dose: Median soo r (range 400-800 r) 
Total Dose: Median 8,200 r (range 6,000-11,000 r) (tue 
mor dose: 6,600 r) 
Radon Seeds. 
Total dose: Median 6 mc (range 4-9 mc) (tumor dose: 
8,000 r) 
Treatment Period. 
Duration: Median 25 days (range 16-31 days) 





open mouth, usually at the halfway point 
in the roentgen treatment program. In 2 
patients regression of the cancer was com- 
plete with roentgen rays and no radon seeds 
were used. 


RADIATION TECHNIQUE FOR CANCER OF THE 
CHEEK (BUCCAL MUCOSA) 

Comment. Here again, roentgen irradia- 
tion proved successful mostly in small 
cancers which were located at a slight 
distance away from the maxilla and mandi- 
dle. A single exception was a patient with 
a large (12 cm.) lymphosarcoma of the 
cheek which was successfully controlled 
with roentgen ravs alone using a 12 cm. 
circular high voltage external port for a 
dose of 3,100 r. In the beginning, a single 
cheek port was used and the roentgen rays 
were supplemented with radon seeds. Later 
on, we added the second peroral port which 
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is the preferred technique now. Radon seeds 
were used in a little more than one-half of 
our successful cases. Larger doses of radon 
were employed with the lower doses of 
roentgen rays. Implantation of the seeds 
was made through the skin of the cheek 
with a palpating finger placed on the under- 
lying cancer. During treatment with the ex- 
ternal cheek port, a lead shield was alwavs 
placed in the mouth to protect the tongue 
from the roentgen rays. In our experience, 
irradiation of large cancers of the cheek has 
resulted in such a high incidence o? painful 
osteoradionecrosis coupled with trouble- 
some trismus that surgery is now preferred 
in almost all cases. 


High Voltage Roentgen Rays. 
(A) One cheek port. Fixed factors: 250 kv.; HYL 2.0 mm. 
Cu; 35 cm. TSD. 
Low Voitage Roentgen Rays. 
(B) One peroral port. Fixed factors: too kv., no filter 
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added; HVL 1.5 mm. Al; 20 em. TSD. 
Gold Radon Seeds. 






SEEDS (THRU 
SKIN OF CHEEK) 


HV. X-RAY 


Size of Cheek Cancer. 
Median diameter 3 cm. (range 1-12 cm.) 
Roentgen Therapy. 
(A) Cheek Port: Median diameter 6 cm, (range 2.5- 
12 cm.) 
Individual Dose: Median 400 r (range 250-600 r) 
Total Dose: Median 5,100 r (range 3,120-6,500 r) 
(tumor dose: 3,570 r) 
(B) Peroral Port: Median diameter 3.5 cm. (range 2.5- 
4 cm.) 
Individual Dose: Median soo r (range #50-1,000 r) 
Total Dose: Median 7,200 r (range 3,06co-12,000 r) 
(tumor dose: 4,900 r) 
Radon Seeds. 
Total Dose: Median 7.5 mc (range 2-21 
dose: 8,500 r) 
Treatment Period. 
Duration: Median 25 days (range 15-64 days) 
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DISCUSSION 


Added to the careful study made of 
many hundreds of hospital records to 
collect this series of more than 600 success- 
ful irradiation cases are twenty vears of 
personal experience in radiation treatment 
of patients with head and neck cancers 
Over the same vears there have been regu- 
larly scheduled conferences and numerous 
discussions concerning the management 
and many problems of radiation therapy 
among all the attending surgeons on our 
Head and Neck Service. From such an 
experience it would seem only natural to 
form certain impressions and observations 
on the whole subject. Although not strictly 
as factual as the reporting of our successful 
cases, the following comments are based 
directly on clinical expertence and are not 
just intellectual whimsey. 


THE RADIATION REACTION 


From the beginning of radiation therapy, 
clinical observation has revealed that it is 
necessary to produce an intense reaction in 
the treated tissues; the reaction must be 
sufficiently violent and prolonged to de- 
stroy the cancer while sparing the normal 
surrounding tissue. The process is some- 
what similar to boiling an egg in water 
which is heated to 220° F. and held at that 
temperature for a selected time to cook 
the egg. To obtain the desired change in 
the egg it must be kept in the boiling water 
for a specified interval. The cooking period 
cannot be altered, interrupted or repeated 
later and still produce the same change in 
the egg. Similarly, in giving radiation 
therapy the tissues must be “heated up” 
(by ionization) and the reaction maintained 
until the desired effect (destruction) on the 
cancer is obtained. This concept helps in 
understanding why small doses of radiation 
with minimal tissue reaction are rarely 
successful and why a “course of irradia- 
tion” cannot usually be repeated with a 
successful outcome at a later date. Like 
egg boiling, irradiation of a cancer is a 
single planned operation and any modifica- 
tion of the dose must be made while the 
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reaction is "hot." Unlike egg boiling, where 
the degree and effect of cooking are known, 
the exact amount of “heat” required to kill 
a cancer is unknown. Experience has indi- 
cated that we will most often succeed if we 
deliver the largest dose the normal tissues 
can tolerate and such has been our practice 
in most of our cases. 


FRACTIONATION (OR PROTRACTION) OF 
ROENTGEN-RAY TREATMENT 


Ever since the first therapists discovered 
that tissue recovers at a fairly regular rate 
from the effect of radiation, the massive 
single dose technique of treatment was 
replaced by the multiple divided dose 
method. It was thought that not only 
could the total dose of roentgen rays be 
greatly increased by such protracted treat- 
ment, but also that the cancer cells could 
be exposed to ionization at a moment when 
they were extremely vulnerable (7.¢., during 
mitosis). On the basis of such conjecture, 
innumerable types of fractionation of the 
roentgen rays were tried and all sorts of 
advantages claimed. Despite this past 
furor of activity, the exact scientific value 
of protracted treatment remains obscure. 
Unfortunately, the differential in suscepti- 
bility to roentgen rays between cancer and 
normal tissue is not appreciably broadened 
by fractionating the total dose. Cancers, 
like normal tissue, also have a recovery 
rate. 

However, there is a very practical reason 
(and probably the only good one) for 
fractionating roentgen treatment. If the 
exact dose needed to kill a cancer were 
known in advance, such a dose could be 
given at a single treatment without further 
ado. Alas, such a magic dose is never 
known with certainty at the start of treat- 
ment, so that we must fractionate our 
doses and “sneak up” on the final figure. 
Protraction gives us the chance to observe 
the response of the cancer to roentgen 
rays and to reserve decision as to the total 
dose until well along in the treatment pro- 
gram. A few more doses can be added to 
give the “coup de grâce” to the cancer or 
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the program may be cut short if the reac- 
tion warrants it. It is around the “end 
point" of treatment that the total dose 
range of our successful experience is so 
valuable. In brief, protraction of treat- 
ment is solely an empirical and practical 
aspect of roentgen therapy. It is employed 
to help the therapist arrive at an effective 
total dose and not for any mystically bene- 
Acial effect that it might have on either the 
cancer or the patient. 

Due to the delay with which roentgen 
rays attain their full effect on tissue, about 
three to four weeks has proved to be a 
practical treatment period. The interval is 
‘onger when the treatment is complicated 
by the use of several ports or when there 
is a delay due to the implantation of radon 
seeds. Such planning has guided us in our 
performance on the successful cases re- 
ported here. 


ROENTGEN-RAY DOSAGE 

Again, unfortunately, we have not found 
anv magic dose of roentgen rays which can 
be relied upon with certainty to kill cancer. 
It is patently apparent that cancers differ 
in their susceptibility to roentgen rays. The 
various grades and types of cancer are so 
unreliable in their behavior that the value 
of any classification is limited. Since a 
reliable “tumor dose” is unknown, we did 
jot try to use one in calculating the amount 
of treatment for our successtul cases. We 
-elied on the reaction produced by the 
“applicator dose” with the physical factors 
of the treatment set-up to determine the 
amount of radiation given in each case. The 
applicator dose is the actual amount of 
-adiation given off by the apparatus used. 
it is an amount which can be simply and 
accurately measured. It is the basic dose 
“rom which all other types of doses must 
be calculated. The applicator dose for 
roentgen rays is expressed by roentgens in 
air, for radon seeds by millicuries im- 
planted, and for the radon applicator by 
millicurie hours. When the applicator dose 
plus the physical factors of the treatment 
set-up are recordec, it is immediately ap- 


Cancer of the Mouth, Pharynx, Larvnx and Neck 


463 


parent just how much radiation has been 
given. With such information a success- 
ful dose can be exactly repeated cr intelli- 
gently modified as required. A tumor dose 
must be derived (often with considerable 
error) from the applicator dose and is 
simply an approximation of the number of 
roentgens or rads received by a tumor, the 
exact location and extent of which can only 
be guessed at. We do not think the total 
amount of radiation received by the cancer 
is as Important as the point dose received 
by the one or two cancer cells which 
absorbed the least radiation. More impor- 
tant vet is the understanding that the 
calculation of any dose of radiation should 
be recorded with a complete statement of 
all the factors contained in the applicator 
dose. These respective factors can each vary 
widely and still by a proper combination 
produce the same “tumor dose.” Often 
the radiologist or physicist calculates a 
tumor dose and omits a statement of these 
very factors. He simply states that the can- 
cer received a certain number of roentgens 
or rads. Such a practice breeds confusion 
rather than clarity and simplicity. 

Certainly, there is a place in the physics 
laboratory for the calculation of tissue doses 
in roentgens or rads. Such information may 
help in devising new and perhaps better 
ways of giving more effective radiation. In 
the meantime for the clinician the best 
measurement of radiation is still rts effect 
on cancer. 


ROENTGEN-RAY PORTAL SIZE 

The volume of tissue irradiated is with- 
out doubt the most important single factor 
in the successful radiation treatment of 
cancer. The tissue volume must be rela- 
tivelv small. For example, when cancer- 
lethal doses of roentgen ravs are adminis- 
tered through 6-7 cm. circular ports, the 
patients remain comfortable and in good 
health for vears provided no local complica- 
tions supervene. When the ports are in- 
creased to 8, 9 or ro cm. in diameter, the 
number of successful cases decreases so that 
very few patients are found free of cancer 
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for five years, and those who are, are not 
all functionally satisfactory (due to fibrosis 
of soft tissue, stomatitis sicca, trismus, 
radionecrosis, etc.). We know how impor- 
tant it is to use ports of small size carefully 
centered over the cancer. This knowledge 
is the basis for our insistence on round or 
oval ports—both shapes in which all use- 
less corners are eliminated and in which the 
volume of tissue irradiated is reduced by 
more than 20 per cent over square and 
rectangular ports of similar dimensions. 
Our disappointing experience with large 
ports has impressed upon us the futility of 
irradiating one whole side of the neck for 
metastatic cancer. We prefer neck dissec- 
tion and reserve radiation for smaller well 
localized deposits of cancer. We have read 
many articles on therapy where the volume 
of tissue irradiated was not stressed or in 
many instances not even mentioned. In 
such reports it must be assumed that this 
vital factor was not sufficiently appreciated. 


PALLIATION WITH ROENTGEN RAYS 


There is still considerable confusion as to 
just what is meant by the term, palliative 
roentgen-ray treatment. How much treat- 
ment, to what area, for how long, palliates 
whom? For instance, we seriously question 
whether the use of roentgen-ray ports larger 
than 12 cm. is ever justified even in an ef- 
fort to obtain palliation. Both the local and 
systemic dysfunction produced by even sub- 
cancer-lethal doses of roentgen rays given 
through large ports may be seriously harm- 
ful and sometimes rapidly fatal, propor- 
tionate, of course, to the dose administered. 
Better relief from the discomfort and pain 
of advanced cancer can often be secured by 
moderate doses of judiciously implanted 
weak radon seeds or by small doses of 
roentgen rays directed only to limited areas 
where the cancer is most active or painful. 


LATE COMPLICATIONS OF SUCCESSFUL 
RADIATION THERAPY 


Some of the bitterest and most discourag- 
ing aspects of otherwise successful radiation 
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therapy are the complications of treatment 
which appear years later and are often as 
lethal as the original cancer. Unfortunately, 
the destruction of cancer with roentgen 
rays produces a varying degree of damage 
to normal structures as well; such damage 
is not static and tends to become progres- 
sively worse. Some patients, who are ap- 
parently controlled, return eight or nine 
years later with new cancers growing at the 
margin of a previous treatment area in 
tissue damaged by radiation. These lesions 
are probably radiation induced cancers and 
their control by surgery is discouragingly 
difficult. Radical surgery made in any area 
of advanced radiation damage is fraught 
with danger and many complications are 
to be expected, some even fatal. 

Many successfully irradiated mouth can- 
cers develop late osteoradionecrosis requir- 
ing removal of large portions of the mandi- 
ble or maxilla, often more disfiguring and 
disabling than if the original treatment had 
been by surgery. Successfully controlled 
metastatic cancer in the neck is sometimes 
followed by late breakdown of the irradiated 
tissues, with exposure and then rupture of 
the carotid artery with all the danger in- 
herent thereto. Radiation fibrosis in both 
sides of the neck has produced late bilateral 
vocal cord paralysis and dysphagia due to 
scarring around the vagus nerves. Such 
damage can convert the larynx into a use- 
less and dangerous organ which must be 
removed to protect the patient from death 
by aspiration. 

Experience with cases such as these tends 
to make one very thoughtful when deliber- 
ating the relative merits of radiation and 
surgery for the initial treatment of a new 
case. 


CONCLUSION 


Our own experience indicates that we 
have not yet found the ideal combination 
of physical factors for the successful irradia- 
tion of the various forms of head and neck 
cancer. Radiation therapy, in general, over 
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the past twenty vears has been an increas- 
ing disappointment to many of us who held 
high hopes for its ultimate possibilities. An 
example is the almost complete ineffective- 
ness of roentgen ravs in controlling cancer 
which has invaded bone or lymph nodes. 
Consequently, we must continue to treat 
patients by radiation methods which we 
know have succeeded in the past. We 
must modify, refine and try to improve 
these techniques from time to time as new 
ideas and new equipment become avail- 
able. We must give preference to surgery 
in those cases in which the morbidity can 
be decreased and the salvage increased 
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over the results of radiation therapy de- 
scribed in this report. 
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A STUDY OF RADIATION FAILURES AND THE ROLE 
OF RADIORESISTANCE IN THE TREATMENT 
OF CANCER OF THE CERVIX* 


By ALFRED I. SHERMAN, M.D. 
ST. LOUIS, MISSOURI 


DUE fifty years of radiation ther- 
apy for cancer of the cervix, an accept- 
able cancerocidal dose for this disease has 
not been defined. A dose simply expressed 
in units of radiation delivered in rads or 
roentgens is well known to be inadequate. 
This is because the biologic response of 
tissue to irradiation is dependent on much 
more than the total roentgens delivered. A 
variety of factors are known to influence 
this biologic response and have been de- 
scribed. Many others are still unknown. 
The many factors now recognized to 
influence the biologic response may be 
divided into two groups. One group in- 
cludes those traits which are inherent or 
dependent on the tumor itself. The second 
group consists of those factors associated 
with the administered therapy. The former 
group is represented by such entities as the 
gross microscopic characteristics of the 
tumor, presence or absence of infection, 
mitotic rate, blood supply, and oxygen 
tension within the tumor. This is not in- 
tended to be a complete list, for at present 
many more are known and more are apt to 
be added in the near future. But, for the 


purposes of this presentation, these will ” 


suffice to denote the aspects to which we 
allude. Probably the most important factor 
of the second group is the intensity of 
irradiation, or the time-dose relationship, 
and this includes fractionation and pro- 
traction. 

Modification in any one of the afore- 
mentioned features is capable of influencing 
the biologic response of a specific tumor, all 
other factors remaining equal. The experi- 
enced radiotherapist has learned to take 


advantage of this characteristic and under 
certain conditions, or in the presence of 
certain of these features, will modify and 
alter the time dose relationship to obtain 
optimal results. At present this qualifica- 
tion is an empirical one for there is no way 
of totaling the individual agents present in 
any one situation in such a way as to allow 
the prescription of a minimal dose and time 
factors which will guarantee the eradica- 
tion of a tumor. There is no formula which 
equates all the features of the tumor to 
the therapy factors, nor are there any 
specific rules which will allow compliance 
for the changes. 

Observation of many cases, however, has 
led to certain determinations which, in 
general, are the physical measurements 
seemingly necessary to control cancer and 
the definition of a range of dosage within 
which the majority of the cases fall. As an 
example, Strandqvist!? has plotted a curve 
which does just this for carcinoma of the 
skin. The data were assembled many years 
ago and relate only to squamous cell car- 
cinoma of the skin. There has not been any 


comparable study for carcinoma of the 


cervix. Neither has there been any demon; 
stration of the validity of this curve for 
carcinoma of the cervix. Nevertheless, be- 
cause of the fragmentary evidence of its 
analogous value in relation to cervical can- 
cer, coupled with the lack of anything bet- 
ter, it has come to be generally accepted as 
satisfactory. A comparable study of this 
nature for carcinoma of the cervix is of the 
utmost importance and a necessity at the 
present time. 

In the mechanics of treatment for cervi- 
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cal carcinoma, an attempt is made to 
deliver at the minimum a cancerocidal dose 
to the cervix. In actual practice because of 
the endeavor to increase the dose to the 
lateral areas of the pelvis, a dose much in 
excess of an acceprable cancerocidal dose 
s administered to the cervix and adjacent 
vagina. A safe dose for this area would be 
i; tolerance dose to the rectum, bladder 
and point A as described bv Tod and 
Meredith. In summary, therefore, an 
attempt is made to deliver a maximum 
dose to the pelvic structures within their 





tolerance, and, in so doing, it is re: sonable 
to expect that the cervix and «djacent 
vagina will receive a dose in excess of the 
cancerocidal dose. As an outcome of such 
practice and reasoning, it has been accepted 
that a satisfactory dose to the cervix would 
be supplied by the use of radium applied 
in the form of a uterine tandem and vaginal 
ovoids over a period of four to five weeks 
and in one to three applications for 5,000 
to 8,000 mg. hr. (depending on the type of 
colpostat used). Although we recognize the 
wide range of biologic responsiver ess due 
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to different factors, both in the tumor and 
the applied therapy, there is a generalized 
therapy dose which should encompass these 
variables and vield successtul results. 

The eradication of a cancer of the cervix 
by irradiation implies that a dose was 
delivered to all tumor bearing areas of 
sufficient magnitude and intensity to cause 
directly, or indirectly, the destruction of 
the cancer. Conversely, therefore, it may 
be said that failure to obtain such eradica- 
tion implies that the necessary dose was 
not delivered. 

A physical feature of radiation is that 
the intensity varies inversely with the dis- 
tance from the source. Because of the 


anatomy of the pelvis and the direction of 
spread of the cancer laterally within this 
anatomic framework, taere are areas in 
the lateral parts of the pelvis which are 
relatively removed from the radium 
sources. Staving within the confines of 
tolerance dosages allows for the fact thar 
there will be areas in the lateral parts of 
the pelvis which fall bevond the effective 
range of irradiation. Therefore, it may be 
argued logically that the failure to eradi- 
cate cancer in the lateral parts of the pelvis 
is directly due to the inability in certain 
cases to deliver adequate cancerocidal 
doses of radiation as defined above. This 
has been borne out by many studies? in 
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which attempts were made to measure the 
rotal doses delivered to the parametria. 
However, the primary site of the cancer 
ot the cervix and within its immediate 
periphery is so readily accessible to the 
radium that it would be extremely rare to 
onticipate an inability to deliver to the 
cervix a dose of radiation within the wide 
scope of the acceptable range. It is this 
very notion which probably accounts for 
the factor known as 
cervical cancer. The unexplained persist- 
ence of a cervical cancer after its irradia- 





: Radiation Failures in Cervical Cancer 


radioresistance of 


469 





) Case vr. 

tion with an adequate dose and by a 
method which should prove successful is 
why such cancers are quite apt to be 
labelled "radioresistant." This is substan- 
tiated by the frequency with which the 
term appears in the recent literature deal- 
ing with cervical cancer, and for this reason 
there has been an impetus in the resurge of 
surgical procedures for these cases. By the 
same token great furor in the secrch for 
techniques and means by which to define 
and diagnose the presence of cervical cancer 
prior to treatment by irradiation has been 
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created. Granted that such a designation 
in the face of what is considered adequate 
therapy under otherwise normal conditions 
is extremely tempting, it, nevertheless, 
behooves us to carefully re-evaluate our 
acceptance of it so readily. 

In simple terms, absolute radioresistance 
does not exist. Ànv tissue, normal or malig- 
nant, can be destroved if enough radiation 
is applied. Radioresistance in therapy is 
really the relative resistance of normal 
versus cancerous tissue. This relative sensi- 


tivity of various tissues is the very essence 
on which radiation therapy is based. It 
must be recognized that the term radio- 
resistance as it is designated here refers 
only to the relative sensitivity of tissues 
within the limits of toleration of normal 
tissues and therefore within the practical 
limits of applied radiation therapy, 


MATERIAL AND METHOD 


Attempts to correlate the “radioresist- 


ance" of a cervical tumor, prior to its 
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treatment by irradiation, with the actual 
end results have not been successful in our 
hands. The three methods utilized in this 
endeavor included: first, a correlation of 
the histologic-grading using Broders? clas- 
sification with the tumor response; 
secondly, attempted correlations of vaginal 
smears and tumor response prior to treat- 
ment as described bv Graham and 





Graham;'5 and thirdly, the method de- 
scribed by Glücksmann and Way? of 
studving the modification of cell tvpes after 
small amounts of irradiation. No valid 


correlations were obtained with these three 
methods. A review of the literature shows 
that there is a similar lack of confirmation 
bv others of the value of such tests. 

The insignificance of radioresistance as a 
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cause for failure of radiation therapy. be- 
came evident when we began to carefully 
re-evaluate the failure cases treated since 
1950. During the years 1950 to 1956, a total 
of 422 cases of primary carcinoma of the 
cervix, Stages 1, H and mt were treated at 
the Washington University Clinics. Table 
tis a compilation of the results. 

A review of the 124 failure cases revealed 
that a total of 14 patients died of distant 
metastases without pelvic involvement. By 
far, the majority of failures occurred in the 
group with persistent disease in the pelvis. 
Of these only 23 had persistent disease 





Tage T 


CARCINOMA OF THE CERVIX 195071580 
STAGE 1, H AND NI 


Alive and well 268 
Dead of intercurrent disease.. 1 
Lost to follow-up..... ee , A 
Distant metastases without pelvic involvement t4 
Persistence of carcinoma at cervix or vagina.. 23 
Persistence of carcinoma in pelvis without in- 
volving cervix or vagina... 
Total... 


locally at the cervix and vagina; the other 
87 cases were failures of treatmenz due to 
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persistence of disease in the lateral pelvis 
with or without associated distant metas- 
tases. 

It would be unreasonable to consider all 
these failure cases as due to radioresistance. 
Certainly, the group of patients who died 
of distant metastases without local recur- 
rence cannot be included. In the same wav 
it is believed unlikely that failures in the 
group of patients who died with disease in 
the lateral pelvis not involving the cervix 
and its immediate confines were due to 
radioresistance. The anatomic and physical 








factors involved might have been such as to 
make .t impossible to deliver a dose of 
radiatbon to the lymph node areas compa- 
rable co that received at the cervix. It 
would be more reasonable to assume that 
these failures were due to underdosage, 
particularly when the radiation was suc- 
cesstul in eradicating the local lesion. 

It wouid not be out of line, however, to 
assum that failure to achieve eradication 
locally ar the cervix was due to radiore- 
sistance. Therefore, the 23 cases listed as 
having persistent cancer of the cervix, or 
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within 2 cm. of the midline or the upper 
vagina, with or without disease elsewhere, 
could be termed radioresistant. Neverthe- 
less, we must consider one other possibility. 
The application of radium is sometimes 
dificult because of the anatomic features 
of the cervix, vagina and the tumor. An 
assumption that the procedure has been 
accomplished satisfactorily because it so 
appears at the time of packing is not 
necessarily so. A critical appraisal of ra- 
dium application procedures performed 
during the last ten years convinced us of 
the great care and effort necessary to obtain 
completely satisfactory insertions. Before 
considering all of these 23 cases as failures 
due to radioresistance, it was necessary to 
determine whether the intended dose was 
delivered. To do so, the 23 failure cases 
were re-evaluated. Roentgenograms were 
available for study in only 18 of these 
cases. The doses delivered to various points 
in the pelvis and particularly the areas of 
recurrence at the cervix, fornices, or im- 
mediate parametria were recalculated as 
best as possible from the roentgenograms 
of the radium applications and associated 
factors. The site of recurrence was esti- 
mated as best as possible on the roentgeno- 
gram. Measurements from the end or center 
of each of the radium tubes to the site of 
recurrence were carried out. Corrections for 
magnification of the roentgenograms were 
made. Dose tables? were used to define the 
dose that each tube of radium delivered to 
this point and the totals were calculated. 
A comparable point on the opposite side 
was similarly defined and the dosage at 
this point also was calculated on the same 
basis. The findings are of particular inter- 
est. 

In Table 11 the significant data relating 
to each failure case are listed. Roentgeno- 
grams of the 18 cases which were available 
are reproduced showing one typical appli- 
cation from two or three that might have 
been made for each case (Fig. 1-18). The 
majority of these applications were done 
with separate intrauterine tandems and 
vaginal ovoids. In general, the Manchester 
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system’ of distribution was attempted. The 
tandems usually contained sources of 20~ 
10-5 mg. of radium in that order from 
the top, and the ovoids contained 20-20 
mg. sources. At first glance it may seem 
impossible to obtain discrepancies of the 
order shown in the table. However, if one 
recalls the isodose curves surrounding ra- 
dium sources and considers the proxim- 
itv of these sources to the cervix and 
the upper vagina, distances as short as 
I! cm. may cause tremendous differences 
in the doses received bv the tissues. This 
is particularly so when the error is com- 
pounded by derangement in both the tan- 
dem and the ovoids. Obviously, in retro- 
spect none of these applications were satis- 
factory. Since in most of the cases a sepa- 
rate tandem and ovoids were used, it was 
often difficult to align the sources ac- 
curatelv in relationship both to each other 
and to the cervix and tumor. Ideally, their 
distribution should produce a uniform iso- 
dose pattern in the pelvis. This does not 
imply that fixed tandem-ovoid applica- 
tors are faultless. Though the relationship 
of tandem and ovoids to each other is 
maintained, other mistakes do occur. 

In several of the failure cases, it became 
obvious that the radium colpostat was 
allowed to remain in too low a position or 
too far from either the cervix or the forni- 
ces, most often because of failure to recog- 
nize or locate the cervix or upper vagina 
on the roentgenogram. Even though a uni- 
form isodose pattern was produced, it still 
resulted in unrecognized low dosages at 
the tumor site. Similarly, the lowermost 
tandem source was at times too high above 
the level of the ovoids when widely sepa- 
rated. In these instances the resultant iso- 
dose pattern did not contain the tumor 
within its cancerocidal levels. With our 
present day experience, none of these would 
be tolerated and either would be corrected 
satisfactorily or other means to deliver 
adequate radiation would be sought. 

In the hope of avoiding anv such future 
errors, the present procedure for radium 
application is carefully planned. All pa- 
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tients are anesthetized and under com- rectum, both midline and laterally. These 


pletely sterile precautions the radium is 
inserted. The cervix is tagged by one or 
two silver vascular clips, which are clamped 
on a catgut suture and fixed in place. We 
have found this to be more satisfactory 
than direct clipping, since clips are apt to 
fall off, start bleeding or traumatize the 
tumor. After the radium is inserted, direct 
measurements with a scintillation counter! 
are made at the cervix and vaginal fornices. 
After packing the colpostat in place, meas- 
urements are also taken in the bladder and 


measurements are extremely helpful in 
definmg the adequacy of the application 
and the subsequent time exposures for the 
radium sources. Following this, antero- 
posterior and lateral roentgenograms are 
taker before the patient leaves the operat- 
ing reom and while still under anesthesia. 
The d: 
and wi 
are re 
factory, 
rooms’ 
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kroom adjoins the operating room 
hin a few minutes roentgenograms 
iv for review. If these are satis- 
the patient is taken to the recovery 
not, the necessary adjustments are 
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made, even to the point of changing the 
entire colpostat, if necessary; repeat roent- 
genograms are taken until a satisfactory 
insertion is obtained. When the rentgeno- 
grams are dry, they are again reviewed and 
calculations of the dose at points A, B and 
cervix are made. The total exposure time 
is then determined. 

In view of the findings, as shown in 
Table 11, we cannot consider these 18 cases 
as failures due to radioresistance. If a dose 
evel of 8,000 r is accepted arbitrarily as 





a minimal cancer dose, the cause of failure 
in all 18 cases is evident. This dose cannot 
be considered excessive. It can be delivered 
with relative ease to the entire cervix and 
upper vagina by intracavitary radium. It 
is not Intended to belabor and stress the 
point of numerical dosages. The mans 
factors which enter into radiation success 
have been discussed already. Assuredly, 
there are several cases in the successful 
group in which the measurements and 
insertions were in the same range as those 
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in the failure cases. The difference probably 
hes in the fact that these were either 
extremely sensitive tumors or cases in 
which no tumor existed at these particu- 
larly low dosage points. It mav be said that 
some factors were in operation which made 
possible the eradication of the tumor at 
these dose levels. 








There is, of course, no certainty that 
higher dosages would have altered the sub- 
sequer t course of the failure cases. It must 
be emphasized, though, that radiation 
failures did not occur when the dosage 
range was well within the practical limits 
of the apeutic techniques. 

On he basis of our work, we feel that it 
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is necessary to modify our views regarding 
the subject of radioresistance. Before a 
tumor is regarded as radioresistant, inade- 
quate therapy as the cause must be ruled 
out. More important, every possible means 
must be taken to avoid such errors in the 
future. The routine of a radium applica- 
tion must include all possible checks and 
to be accepted as satisfactory must meet 
the strictest criteria. 


CONCLUSION 


As a result of our experience we cannot 
accept the incidence of radioresistance in 
cancer of the cervix to be more than 1.2 
per cent (5 of 422 cases). In all probability 
the incidence would be less if we were to 
appraise these additional 5 cases. The study 
shows the relative infrequency of radio- 
resitance as the causative factor in radia- 
tion therapy failures. Such a low incidence 
does not deserve the attention that pres- 
ently is being paid to it. Neither does it 
justify radical alterations in therapy, but 
rather helps emphasize the value of irradia- 
tion in the treatment of this disease. The 
ready acceptance of radiation failures as 
being due to radioresistance is a pitfall to 
be avoided. We believe that many cases are 
radiation failures not because of radio- 
resistance but because of improper thera- 
peutic techniques of the type indicated in 
our 18 cases. 

Alfred T. Sherman, M.D. 
630 S. Kingshighway 
St. Louis 10, Missouri 
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URETERAL OBSTRUCTION IN STAGE III CANCER OF 
THE CERVIX RELIEVED BY LOW INTENSITY 
RADIUM NEEDLE IMPLANTATION* 


By CHARLES L. MARTIN, M.D. 


DALLAS, TEXAS 


HE importance of ureteral obstruction 

produced by parametrial invasion in 
cancer of the cervix with secondary uremia 
and infection was described by Chavannay? 
in 1899 and numerous similar articles ap- 
peared in the 1920's. Since both roentgen- 
ray and radium therapy were being used at 
that time, manv were prone to attribute the 
ureteral occlusions discovered at autopsy 
to the fibrosis produced by these new 
methods of treatment. 


HISTORICAL REVIEW 

That such could indeed be the case was 
brought forcibly to our attention when a 
postmortem examination of one of our early 
patients revealed bilateral ureteral obstruc- 
tion from radiation fibrosis with no demon- 
strable evidence of residual cancer of the 
cervix. Schmitz!“ reported a similar experi- 
ence in 1920 and soon afterwards we started 
some studies aimed at the elimination of 
such serious. sequelae. Dr. Fred Rogers, 
Professor of Physiology in the old Baylor 
Medical School in Dallas, offered to help 
with some experiments designed to deter- 
mine the radiosensitivity of the ureter of 
the dog. His unusual skill as a dog surgeon 
enabled us to carry out this work with very 
few mishaps. 

At that time we were attempting to con- 
trol parametrial invasion with the implan- 
tation of monel steel needles, each of which 
contained 6.25 mg. of radium in an active 
length of 7.5 mm. and had a wall thickness 
of 0.35 mm., which permitted the emission 
of both beta and gamma rays. Thev were 
usually left in place for 8 to to hours. Of 
course, in the light of our present knowl- 
edge we know that the loading was too 
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high, the altration inadequate and the time 
too shert but our technique was similar to 
that generally used in this country in the 
1920's. 

In the cog experiments, the left abdomen 
was opened and two of the steel needles 
were placed about 1 cm. apart on either 
side of the mid-left ureter for periods varv- 
ing from a to 8 hours. Autopsies done 2 to 3 
weeks later revealed complete ureteral 
obstruction and hydronephrosis produced 
by doses as low as 75 mg. hr. We were not 
capable ef estimating these doses in roent- 
gens when this work was done but recent 
caleulations carried out with the help of 
Edith Quimby indicate that the combined 
beta and zamma radiation delivered to the 
ureter was somewhat in excess of 5,000 r. 
The details of this investigation were pub- 
lished in 1926.7 

Some previous experiments, in which a 
so mg. well-filtered radium capsule was 
placed in contact with the ureter for 5 hours 
without producing serious damage, led us 
to believe that beta ravs caused the ureteral 
strictures when the steel needles were used. 
With these data available, all steel needle 
implantations were discontinued and at- 
tempts were made to control ureteral ob- 
structions secondary to parametrial inva- 
sion by various radium capsule and roent- 
gen-ray techniques combined with ureteral 
dilatations, indwelling catheters, ureteral 
transplants, nephrostomies and ureteros- 
tomies. The results of this work, which 
produced marked palliation but no cures of 
long duration, were published in 1928.*.^ 

The use of radioactive sources in the 
parametria has always been intriguing be- 
cause such a technique should enable the 
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radiotherapist to limit a large dose to the 
affected region, thereby protecting such 
radiosensitive normal structures as the 
bladder and the bowel. In the early 1920's 
Burnam? and Levin® recommended the 
insertion of glass radon seeds through the 
vagina or peritoneum as a useful procedure. 
However, Levin noted a severe reaction in 
the tissues surrounding these implants and 
observed that many of the patients devel- 
oped a high fever soon after they were 
inserted. Our experiments have led us to 
believe that even the seeds developed later, 
which provided a filtration of 0.3 
gold or platinum, could not be used safely 
because they emitted some beta radiation. 
More recently , radioactive isotopes have 
been employed for interstitial therapy. 
Allen, Sherman, and Arneson! report re- 
gression of malignant invasion of the 


parametria following the local injection of 


radioactive colloidal gold. Since bera rays 
constitute about go per cent of the radia- 
tion emitted by this substance, it seems 
logical to assume that ureteral, bladder and 
bowel damage should appear when injec- 
tions are made near these structures. 
Carlin? who has studied 22 patients with 
urologic symptoms from a series of 135 
patients treated by Allen, Sherman and 
Arneson, believes that ureteral strictures 
and bladder injuries observed in at least 10 
cases with no residual cancer could be 
attributed to the effect of the colloidal gold. 
He also believes that some of the patients 
with urologic damage were not included in 
his series because they went elsewhere for 
treatment or had so few symptoms from the 
ureteral obstructions that they were not 
referred for urologic investigation. The 
incrimination of a single method was found 
to be very difficult because all of the pa- 
tients except 1 also received surgery, 
radium or roentgen therapy or a combina- 
tion of these methods. Since beta rays 
penetrate only a few millimeters of tissue, 
the evidence presented suggests that stric- 
ture can be expected only when the colloi- 
dal gold is injected in close proximity to a 
ureter. The low incidence of such sequelae 
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reported may result from the difficulty 
experienced in obtaining an even distribu- 
tion of the injected material, particularly 
when the parametrium is infiltrated with 
carcinoma. 

Obviouslv, the best form of interstitial 
radiation should be capable of destroving 
cancer cells while producing the smallest 
number of serious sequelae. In 1924 
Regaud' postulated that such criteria 
could best be met bv using verv low inten- 
sitv sources, heavy filtration allowing the 
emission of only gamma ravs and relatively 
long treatment times. The so-called low 
intensity radium needles, which were first 
made available to us in 1930, have been 
found useful in carrving out such a plan of 
therapy. They were used cautiously in the 
cervix and then in the vaginal walls and 
parametria. The good results reported bv 
Pitts and Waterman’? in 1940 encouraged 
us to use them more extensively and de- . 
scriptions of our techniques were published 
in 1948" and more recently in 1957." 

Our conviction that low intensity radium 
needles could be implanted so as to produce 
no ureteral damage was substantiated by 
some experimental work published by 
Clavton? in 1951. He placed a platinum 
needle loaded with 2.4 mg. of ee In 4.0 
cm. of active length on either side of the 
ureter in dogs for 168 hours and found no 


changes at the time of autopsy. The needle 
wall thickness was 0.5 mm. 
TREATMENT . 


In a patient with a large cervical carci- 
noma complicated by a ureteral stricture 
produced by malignant invasion of the 
parametrium, treatment consists of a cylin- 
drical implant of long needles in the periph- 
erv of the primary tumor often augmented 
by a long 25 mg. well-filtered capsule in the 
cervical canal and one or two vertical rows 
of similar needles in the involved parame- 
trium. The radium remains in place for 7 
davs, except when the primary tumor is 
relatively small, in which event the central 
capsule i is removed in 3 to 4 days or not 
used at all. Calculations made for some 
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such radium patterns indicate that point 
doses varying from 10,000 to 15,000 gamma 
r can be delivered to the parametrium in 
this manner and adequate doses can be 
given near the pelvic wall. Aside from a 
low grade temporary proctitis, very few 
sequelae have occurred and most of the 
patients have developed no persistent 
symptoms. 

It is our belief that squamous cell carci- 
noma growing in metastatic nodes can be 
completely controlled only with doses of 
radiation larger than those used to eradi- 
cate the primary lesion. Experience has 
indicated that such nodes growing in the 
neck can be cured for long periods of time 
without irreparable normal tissue dam: ige 
when such large doses are delivered with a 
combination of implanted low intensity 
radium needles and conventional roentgen 
therapy given while the needles are in place. 
In the neck, air doses of 350 r are given toa 
1oX 10 cm. port daily infil a total of 2,100 


has been reached, using conventional 
roentgen-ray equipment fully described 


elsewhere. In the pelvis, air doses of 200 r 
have been given daily with an 8o cm. target 
skin distance to opposing 15£X15 cm. an- 
terior and posterior ports until 1,200 r has 
been delivered to each port while the 
parametrial needles are in place. The tissue 
dose of roentgen ravs delivered to the mid- 
plane of the average pelvis in this manner 
amounts to approximately 1,400 r. In the 
more advanced cases this treatment has 


been repeated 6 weeks after the removal of 


the needles without producing anv evidence 
of visceral damage. 


REPORT OF CASES 
The following case histories show that 
malignant parametrial invasion can be con- 
trolled and that in some cases ureteral 
obstructions can be relieved and renal func- 


tion restored following the implantation of 


low intensitv radium needles. 


Case 1 (Fig. 1, A and B). This thirty-eight 
vear old woman was admitted to the hospital 
complaining of a bloody discharge and severe 
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pain referred from the right flank to the thigh 
for 3 months. 

The blood sugar was 192 mg. per cent and 
she had an anemia. The cervix was hard, meas- 
ured 4.0 cm. in diameter and was displ: iced to 
the ri ight by parametrial infiltration which 
extended entirely to the pelvic wall. The biopsy 
report was squamous cell carcinoma, Grade ur. 
An intravenous pvelogram revealed no obstruc- 
tion of doable ureters on the left side and no 
visualization on the right side. 

The diabetes was controlled by medical 
treatment after which ten 2.4 mg. radium 
needles were placed in a cylindrical pattern in 
the periphery of the cervical tumor, one 2.4 mg. 
needle in the center of the mass ind six 3-0 mg. 
needles in two vertical rows well out in the 
right parametrium for 7 davs. While the radium 
was in place, 200 r (air dose) was given daily to 

each of two 15X15 cm. ports laid out over the 

anterior and posterior right pelvis for 6 con- 
secutive days using 260 kv. equipment, a filter 
of $ mm. of copper and 1 mm. of aluminum and 
a target skin distance of 70 cm. The patient 
was large and had a pelvic thickness of ap- 
proximatel y 22 cm. 

At six weeks the pain was almost completely 
relieved and she felt much better. The indura- 
tion in the right parametrium was much less, 
the upper vagina was somewhat contracted aul 
all visible evidence of carcinoma was gone leav- 
ing a gray radium reaction on the face of the 
cervix. 

Intravenous urography done at 6 months 
visualized normal kidney pelves on both sides. 
However, the pleura on the right side was 
infiltr ated with carcinoma and the patient died 
of generaliz sed metastases at 13 years with no 
demonstrable evidence of cancer in the pelvis. 


Case n (Fig. 2, Æ and B). This sixty-eight 
year old woman was admitted to the hospital 
complaming of weight loss, weakness, low back 
pain and vaginal hemorrhage for 2 months. An 
intravenous urogram showed poor concentra- 
tion of the epaque medium and bilateral hydro- 
nephrosis at 25 minutes. Pelvic examination 
revealed the cervix to be replaced by a friable 
bleeding tumor measuring 6 em. in diameter 
and fixed in the pelvis by infiltration in both 
parametria extending to the pelvic walls. The 
biopsy report was adenocarciaona: 

Palliative therapy was undertaken by re- 
moving the presenting portion ot the tumor by 
electroceagulation and inserting eight 1.33 mg. 
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Vic. 1. Case 1. (4) Nonvisualization of the right kidney pelvis and ureter due to ureteral obstruction second- 
ary to malignant invasion of the right parametrium extending entirely to the pelvic wall. (B) Visualization 


of the normal right kidney pelvis 6 months after the implantation of low intensity radium needles in the 
cervix and right parametrium and the addition of a small amount of conventional roentgen therapy. 


radium needles in the center and fourteen 2.4 
mg. needles in the extreme periphery of the 
mass for 7 days. 

At 4 months the symptoms were relieved and 
she had gained 15 pounds. The cervical mass 
was almost completely gone but induration 
could still be felt in the parametria. At 6 months 
the cervix was smoothly healed but she com- 
plained of some pain in the Jeft groin, An intra- 
venous urogram showed a normal kidney pelvis 
on the right side but the left pelvis was not 
visualized. However, a retrograde pyelogram 
made after inserting a catheter through a par- 
tial stricture in the lower left ureter revealed a 
moderate hydronephrosis on the left side. A 
course of roentgen therapy was given to the 
sides of the pelvis but the patient was then lost 
to follow-up. 

Case 1u (Fig. 3, 4 and B). This seventy-six 
year old woman was admitted to the hospital 
complaining of vaginal bleeding and pain in the 
lower back and hips for several months. Roent- 
genographic examinations revealed a solitary 


stone in the gallbladder, infiltration at the bases 
of both lungs and a hydronephrosis on the 
right side, demonstrated by a retrograde pyelo- 
gram. The cervix was very hard and large and 
was fixed by bilateral parametrial invasion. A 
metastatic tumor measuring 2.5 em. in diameter 
was seen in the lower anterior vaginal wall just 
behind the ureteral orifice. A cervix biopsy was 
reported as squamous cell carcinoma, Grade i1. 

A well.Bltered so mg. radium capsule was 
placed in the cervical canal for 24 hours and ten 
2.4 mg. radium needles were inserted in a 
cylindrical pattern well out in the periphery of 
the tumor of the cervix with four 1.33 mg. 
needles implanted longitudinally in the vaginal 
metastasis for 7 days. 

At 4 months she felt much better and was 
free of all pelvic symptoms. At 6 months she 
still felt well except for weakness. A pyelogram 
indicated that the right kidney pelvis was 
normal. The vaginal tumor had healed and the 
upper vaginal walls were sealed over a small 
cervix, However, the liver was markedly en- 
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Vic. 2. Case i, (4) Obstruction of both ureters with poor visual zat on of moderately dilated kidney pelves 
secondary to malignant invasion of both parametria. (B) The eon: ition is definitely improved at 6 months 
after low intensity radium needle ‘mplantation in a large cancer cf the cervix and proximal parametria. 


larged and the patient died of generalized 


metastases at 7 months. 


Case 1v. (Fig. 4, .7, B and C). This thirty- 
eight year old woman was admitted to the 
hospital complaining of right sided pelvic pain 
and posteoital bleeding of two months’ dura- 
tion, An intravenous urogram made by her 
urologist before admission revealed an obstruc- 
ton low in the right ureter and a moderate 
degree of hydronephrosis. There was a double 
ureter and double kidney on the left side with- 
out evidence of hydronephrosis. The cervix was 
replaced by friable tumor tissue which exrended 
to the right pelvic wall producing partial fixa- 
tion of the cervix. The biopsy report was inva- 
sive squamous cell carcinoma. 

Bleeding was controlled with electroccagula- 
ton. Eleven 2.4 mg. radium needles were 
inserted in the periphery of the cervical tumor 
and four 3.0 mg. and one 2.4 mg. needles were 
inserted in a vertical laver well out in the right 





parame rium for 7 days. A dose of 200 r (air 
dose) was given daily to 151s en. ports laid 
out over the anterior and posterior right pelvis 
consecutive days, following the radium 
needle i nplantation. The factors were 260 kv., a 
70 cm. target skin distance and c filter of o.¢ 


mm. of copper and 1.0 mm. of aluminum. 


on 3 





On tie fourth day roentgen therapy was 
stopped because the patient developed a pyelo- 
nephrits but the radium was left in place and 
antibiotic therapy was started. However, at 6 
weeks sane developed another attack of pyelo- 
nephrits amd pyelograms done at home showed 
no Improvement in the right sided hydrone- 
phrosis. A rephrectomy was considered but not 
carried out. 

At 4 months she felt much better. The double 
ureters on che left side showed some dilatation 
but the pe ves of both kidneys had a normal 
size. 

At 15 years she had gained about 38 pounds, 
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ignant parametrial 





Vic. 5. Case ii. CA) Obstruction of the right ureter with hydronephrosis secondary to mal 
invasion is completely relieved (B) 6 months after the implantation of low intensity radium needles into 
a carcinoma of the cervix and the right parametrium., 








Fic. 4. Case tv. (A, B and C) Hydronephr and dilatation of the right ureter secondary to malignant in- 
vasion of the right parametrium was relieved in 4 months by the implantation of low intensity radium 
needles in a cancer of the cervix and the right parametrium cer 7 days, with the addition of a small amount 


of conventional roentgen therapy. 
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had no pelvic symptoms and felt well. The 
kidney pelves still had a normal size and pelvic 
examination revealed no evidence of cancer. 


Case v (Fig. 5, 4-D). This forty-seven year 
id woman was admitted to the hospital com- 
plaining of repeated vaginal hemorrhages and 
severe pain in the right pelvis referred to the 
thigh of 12 months’ duration. She received 4 
lood transfusions er she was admitted and 
another one on the day of admission. 

She was bleeding freely from a friable cervical 
mass which had invaded the adjoining vaginal 
walls and infiltrated the parametrium entirely 
to the right pelvic wall. The biopsy report was 
squamous cell carcinoma, Grade i1 to mm. 

The hemorrhage was controlled with electro- 
coagulation. Twelve 2.4 mg. radium needles 
were implanted into the periphery of the cervi- 
cal mass, eight 3.0 mg. needles in two vertical 
layers in the right parametrium and a long two 
section 25 mg. radium capsule was placed in the 
lower segment of the uterus for 7 days. Roent- 
gen therapy was administered daily t to two 
15X15 cm. ports laid out over the anterior and 
posterior right pelvis at the rate of 200 r (air 
dose) per port until 6 treatinents were given. 
The treatment factors were 200 kv., a target 
skin distance of 80 cm., a filter of 0.5 
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6 weeks this roentgen therapy was repeated, 
thereby bringing the dose per port to 2,400 r. 

At 3 months she was almost free of pain and 
felt much better, There 
radiation reaction on the face of the cervix but 
no visible evidence of carcinoma could be de- 
tected and the parametrium was soft. At 5 
months a urogram showed the right kidney 
pelvis to have a normal appearance. At 9 
months she felt well but a defect in the right 
ureter suggested the retroperitoneal extension 
of cancer above the original treated area and 
another course of roentgen therapy, adding 
2,000 r to each of the two ports over the right 
pelvis, was given in 12 days. 

At 16 months the right leg was swollen as a 
result of lymphatic blockage produced by radia- 
tion fibrosis in the right groin. At 17 months a 
small patch of radiation reaction in the poste- 
rior bladder wall was treated successfully by a 
urologist. At 3 years and 4 months she devel- 
oped pain in the right pelvis when she was on 
her feet and a roentgenographic examination 
revealed fracture lines through both rami of the 
right pubis. Another examination done 2 
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mm. of 
copper and 1.0 mm. of aluminum. At the end of 


was a small patch of 


485 
months later showed callus formation about the 
fractures and the pain had disappeared. At 5 
years ske had no discomfort but walked with 
some difficulty because of the persistent swell- 
ing of tae right leg from groin fibrosis. Pelvic 
examination revealed no evidence of carcinoma 
and a wregram showed normal kidney pelves. 

Caleulations indicate that the total dose of 
roentgen rays given to the midplane of the right 
pelvis durimg the year of treatment amounted to 
approximately 5,000 r. This therapy produced 
no interaal damage but caused an induration in 
the subcuraneous tissues of the right groin with 
secondary lymphatic blockage. In the light of 
our present knowledge we believe that the 
results weald have been as good if the third 
course of roentgen treatments had been 
omitted, thereby eliminating excessive fibrosis 
in the groim and swelling of the leg. 














COMMENT 


Since ureteral obstruction may be pro- 
duced bv external pressure as well as bv 
direct invasion of the structures, it seems 
reasonable to assume that this complication 
might occasionallv be relieved by conven- 
tional irradiation techniques. However, we 
have as vet been able to find verv few such 
favorable results reported in the literature. 
Schewe'? recently observed 5 cases that 
showed a disappearance of such strictures 
following roentgen therapy. A protracted 
series oi in travaginal and external roentgen 
treatments was given to each case at the 
Ellis Fischel State Cancer Hospital during 
a period ef 60 days. Three of these patients 
were living and well 9, 9 and 15 years later. 

In a personal communication, Sherman 
states thar he has seen similar results in a 
few of his cases treated with combinations 
of radium, roentgen rays, radioactive gold 
and susgerv, but one finds it difficult to 
assign credit to the proper modality when 
such techniques are used. 





SUMMARY 


Dog experiments and clinical experience 
indicate that stricture of normal ureters 
can be produced by relatively small 
amounts of beta radiation, whereas can- 
cerocidal doses may be used safely near the 
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Fic. 5. Case v. Right sided hydronephrosis fom malignant invas on of the parametrium CZ and A) g months 
following the implantation of low intensity radium needles in the cervix and parametrium and insertion 
of a low intensity cervical capsule (C) for 7 days and the administration of conventional roentgen therapy 
to the right pelvis. (D) The urinary tract is still normal at the end of $ years. 
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ureters when they are delivered as gamma 
rays emitted by low intensity interstitial 
sources. Cases are described in which 
ureteral strictures secondary to malignant 
parametrial invasion were caused to disap- 
pear by the implantation of low intensity 
radium needles in the parametria. 


3501 Gaston Avenue 
Dallas 4, Texas 
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LTHOUGH the recent emphasis on 
4 X early diagnosis of carcinoma of the 
cervix is commendable, it tends to obscure 
the fact that even advanced lesions mav re- 
spond satisfactorily to treatment. lt ap- 
pears to be unnecessarily pessimistic to be- 
lieve that further improvement in the 
salvage of patients with carcinoma of the 
cervix is impossible by the utilization of 
radiation or surgical procedures; this pes- 
simism is unwarranted because (1) these are 
the only successful methods of treatment 
available for this condition at the present 
time and (2) further improvement in both 
techniques is entirely possible. Obviously, 
further basic research in the biology of 
cancer and new avenues of treatment are 
essential. It also appears, however, that a 
more thorough study of patients already 
treated might vield additional information. 
Most of the reported series of cases of 
cervical carcinoma are based on five vear 
survival; some of the surgical literature in- 
cludes even shorter periods of observation. 
However, now that therapeutic techniques 
have become somewhat stabilized, it is in- 
creasingly important to examine the causes 
of death after treatment following a sur- 
vival interval of more than five vears, Such 
studies are particularly informative in 
carcinoma of the breast. 

It is the practice of those responsible for 
the Annual Report on the Results of Treat- 
ment in Cancer of the Uterus! to report 
results at periods of five, seven and ten 
vears after treatment. Table 1 shows the 
five and ten vear survival rates from four 
institutions referred to in the above report 
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SURVIVAL RATES IN CARCINOMA OF THE CERVIN 
TREATED AT VARIOUS LOCALITIES 


Patients Alive without Disease 
Ten Year 
Fellow. AP 


Five Year 


Locality Follow-up 


Per C ent 





No. Per Cant No. 
Bracken | Baa 48.5 $48 " g 
Manchester AE 1 r io E 
St. Laus | acg eet. Ee 
ontladen 763 50.5 aria 


540 


that are somewhat comparable to those of 
the Mavo Clinic regarding the volume of 
patients treated. Survival rates at five 
vears have been reported from our series, 
but the ten vear results have not been com- 
piled previously. 


SCOPE OF PRESENT STUDY 

The patients reported on here include all 
those treated at the Mayo Clinic from 1940* 
through !949- A previous report? c described 
the five vear survival of patients treated 
from io through 1948, including many of 
those involved in the present study. How- 
ever, all cases of noninvasive carcinoma of 
the cervix have been excluded from the 
present group. Also, a careful pathologic 
and clinical re-evaluation of all tumors has 
shown that some previously considered as 
Stage 1 lesions were actually carcinoma 17 
situ, and they have been deleted from the 
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Tague H 
CLASSIFICATION OF 1,300 CARCINOMAS OF THE CERVIX: 
MAYO CLINIC, 1940-1949 


Time of Treatment 





Type of 1940 L944 
Lesion ipe en SM EE NAE 
Per 
Cent 





Squamous cell 














epithelioma i | | 
Stage 1 | sg 8.4) TR MET 
Stage u | 152 | A56] igi 29.3 
MES | al = 
Stage mi | 207 00 164 25.2 
Stage 1v | 100 | 16.4 | 85 Jum 
Modif Pop o2 18.5 
One car 6.5) 48 nude 
uu. ue 
doen 646 100.0 | 654 | 100.0 





present series. Table 1 shows the distribu- 
tion of the present series according to 
stages of the lesions; the patients are 
divided into two main subgroups, namely, 
those treated from 1940 through 1944, and 
those treated from 1945 through 1949. The 
first subgroup numbered 546, and the 


second numbered 654, giving a total of 


1,300 cases. The category designated as 
"modified" includes all patients in whom a 


definitive attempt at treatment of the 
"cervical carcinoma, whether surgical or by 


radiation, had been made before we saw the 
patient. The group called “other car- 
cinomas" includes adenocarcinoma, adeno- 
acanthoma and hemangio-endothelioma (1 
case). 

It is extremely difficult to arrive at accu- 
rate staging of the lesions in the modified 
group of cases, but an attempt was alwavs 
made to do this for the sake of our own 
comparative observations. 

During the decade of 1940 through 1949, 
a definite shift occurred in lesions of the 
EDU stages. In the first five vear period, 

2 per cent of the lesions were Stage 1 or i1; 
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in the latter five years, 41 per cent were in 
this cztegorv. The more extensive lesions 
changed even more dramatically; Stage m 
and iv lessons from 1940 through 1944 com- 
price 46 per cent of the total, whereas only 
3 per cent were in this category during 
the second half. The modified group in- 
creased from 13 to 19 per cent, which re- 
flects the changing pattern of our par- 
ticular practice in that more patients are 
being treated prior to examination at the 
clinic and, consequently, the percentage of 
complicated problems is increasing. 


TREATMENT 


Tabe mt shows the different forms and 
combinations of treatment utilized. Defini- 
tive radmition therapy was given to 1,143 
patients. Surgical treatment alone or with 
postoperative irradiation was emploved in 
the remaining 157 patients. The division 


Tasue HI 
1,300 CARCINOMAS OF THE 
194071949 


TREATMENT OF 
MAYO CLINIC, 


CERVIX: 























Typeset 1940-1944. | — 1945-1940 
E 
No. | Per No. | Per 
No. | p I No | e 
| Cent i | Cent 
e ; SS zs i se dtu 
Radium alone 48 Fl D | 
Roentgen rays | | i 
alone | 16 | 2.5] 35 | 8.4 
Radium and i | i 
roentzem rays | §08 | 78.0 | 486 | 74.1 
Surgery alone | 017; | 271 3 8.6 
Surgery and ! l | | 
radium 2-4 Odd 2 0.3 
Surgerv anc i 
roentgen rays | 30 46) 22 | 34 
Surgery, radium 
and roentgen 
rays à 25 9 | 22 ted 
CN [mj 
Total ot 654 | 100 


646 
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of patients according to the type of treat- 
ment remained remarkably constant in the 
two five vear periods. In the first period, 88 
per cent received radiation therapy pri- 
marily and 12 per cent received surgical 
treatment primarilv; these percentages in 
the second period were 87 and 13, respec- 
tivelv. Thus, there was no pronounced 
change in philosophy regarding the man- 


agement of carcinoma of the cervix 
throughout this decade. 
Details of Therapeutic Technique. The 


technical details of radiation therapy at the 
clinic vary somewhat from those of meth- 
ods used elsewhere. Our technique has 
been described previously,’ but a brief re- 
capitulation is essential to the interpreta- 
tion of the tables that follow. 

A complete course of treatment tor car- 
cinoma of the cervix, carried out when- 
ever cure appears to be possible, covers a 
period of about four weeks. Thorough gen- 
eral and pelvic examinations vield essential 
information regarding the physical status 
of the patient and the stage or extent of the 
tumor according to the international 
classification. Biopsy of the growth is al- 
ways performed, and its malignancy is 
graded according to Broders’ classifica- 
tion. In cases of carcinoma of Stage 111 or 
Iv, excretory urograms and proctoscopic 
examinations are made 

Treatment is started with radium; roent- 
gen or radiocobalt (Co**) therapy s insti- 
tuted within one or two days and con- 
tinued concurrently with the radium ther- 


apy. The unit of radium is the so mg. tube 
filtered with 1 mm. of platinum. The 
active length of the tube is 11.7 mm. The 


over-all length is 19 mm. and the diameter 
is 4.0 mm. Because of this small diameter, 
dilatation of the cervix is avoided. Trauma 
is minimal, and good exposure of the cervix 
is obtained by having the patient assume 
the knee-chest position at every treatment 
with radium; the resultant expansion of the 
vagina with air affords space for packing 
with abundant amounts of gauze after in- 
sertion of the radium tube. 

Applications of radium usually are made 
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twice weeklv for a period of four weeks 
throughout treatment. In the absence of 
complications, such as infection or hemor- 
rhage, hospitalization is necessary onlv on 
the day and night of the radium treat- 
ments. In the two or three dav interval be- 
tween applications of radium, the patient 
is ambulatory. Being out of the hospital 
and up and around increases the strength 
and morale of the patient. 

In the application of radium, an effort is 
made to obtain homogeneous irradiation 
along the entire birth canal. The so mg., 
platinum-filtered tube is placed in the 
proximal portion of the cervical canal for 
ten to fourteen hours at each of the first 
two treatments, the posterior vaginal wall 
being packed well away from the radium to 
secure protection of the rectum. In the third 
and fourth treatments, also of ten to four- 
teen hours each, the tube is placed in the 
middle or deeper part of the cervical canal. 

Since cervical carcinoma frequently 
spreads through the internal os to involve 
the endometrium, a tandem is introduced 
into the uterine cavity at the fifth radium 
treatment, two so mg. tubes being used 
for a period of twenty to twentv-four 
hours. Roentgen therapy necessarily 18 
omitted on this dav. The last three treat- 
ments are given in the vaginal cavity, the 
so mg. tube being enclosed in a plastic 
cvlinder of appropriate size. The cylinder 
used most frequently has a wall that is 1 
em. in thickness; it is placed transversely . 
across the face of the cervix, then in the 
right vaginal fornix, and finally in the left 
vaginal fornix, for a treatment time of ten 
to fourteen hours in each locality. 

Thus, a complete course of treatment for 
a small lesion in a patient with a small 
vaginal cavity would total about 5,500 mg. 
hours in four weeks; a bulkv carcinoma 
would receive a minimum of 7,300 mg. 
hours. Point A would receive at least 7,000 
gamma roentgens and point B would re- 
ceive at least 2,000 gamma roentgens in a 
large tumor with full dosage. 

All of the patients with whom this report 
is concerned were treated during the period 
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of 1940 through 1949, and the technique of 
roentgen therapy in the majority of in- 
stances differed from the present scheme. 
Treatment was administered after comple- 
tion of the course of radium therapy. Two 
anterior and two posterior pelvic ports were 
treated, each of which measured approxi- 
mately 15 by 15 cm.; there was no midline 
separation between adjacent fields. A total 
dose of $40 r (air) was administered to a 
single field daily, employing 200 kv. with a 
half value layer of 1.0 mm. of copper. The 
course of treatment was repeated after an 
interval of three months. 

At the present time, roentgen therapy is 
administered to two anterior and two poste- 
rior pelvic ports, with midline protection 
between adjacent zones. Dailv treatments 
of 200 r (air) are delivered at a distance of 
so or 70 cm. to each of two ports for a total 
dose of 2,000 to 2,400 r per port, e employing 
250 kv. with a half value layer of 1.3 mm. 
of copper. However, many patients receive 
cobalt 6o teletherapy, and a midplane pelvic 
tumor dose of 3,500 to 3,700 r is delivered. 

After treatment, the patients are ex- 
amined everv three months during the 
first vear. If satisfactory healing has oc- 
curred, thev are seen twice during the 
second vear and vearlv thereafter. This 
method of treatment relies more on radium 
therapy than do many other techniques. 
The applications of radium take care of the 
entire uterus, and the roentgen or cobalt 
,6o teletherapy is relied on to supplement 
the radium in an etfort to sterilize any 
spread of carcinoma into the lateral pelvic 
lymph nodes. 

Some patients cannot be given the entire 
course of radiation. T he most common rea- 
sons for limiting therapy are far-advanced 
disease, pelvic cellulitis or pronounced de- 
bility of the patient. Other generalized dis- 
eases may require modification of the 
treatment. Patients in whom the entire 
course of therapy could not be completed 
are listed in the following tables under 
“limited radiation therapy.” All others are 
included under “complete radiation ther- 
apy.” 
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RESULTS 

Compiete Radiation Therapy (1940-1944). 
In the iazerval from 1940 through 1944, a 
total 5f 431 patients received complete 
radiaton therapy (Table 1v). The survival 
rate o the traced patients was 56 per cent 
after ave vears and 49 per cent after ten 
years. These data emphasize that ex- 
treme y few Stage 1 lesions were treated by 
radiaton in this interval, the D of 
such Esions being tre ated surgically. The 
relatively excellent survival rate in each of 
the groups demonstrates the zood general 
condition of the patients. 

Linated Radiation Therapy (1940-1944). 
Table v indicates that 141 patients received 
limited radiation therapy during the first 
five vear period. The five vear survival rate 
was orly 24 per cent, and the ten year sur- 
vival "ate was 19 per cent. Nearly half of 
the patients in this group were in the modi- 
fied c.tegory, in which the rates were 23 
and r3; per cent, respectively. Many of 
these patients obviously received benefit 
from urther treatment, limited though it 
was. 

Thus, from 1940 through 1944, a total of 
572 pe tients received radiation ther apy for 
carcinoma of the cervix, with a five year 
survival rate of 48 per cent and a ten year 
mr rate DE 42 To cent. 





At tot 4 at 403 patients raced cies 
radiation therapy from 1945 through 1949 
(Tabl+ v:). The number of Stage 1 lesions 
treated bv radiation significantly increased 
during this second five vear period as the re- 
sult o^ two factors, namely, (1) more Stage 
I lesiens were seen and (2) the number 








treated surgically decreased somewhat. The 
survival rate of the entire group of pa- 
tients was 61 per cent for five vears and 49 


per cent for ten years, which is not re- 
markzbiv different from the previous five 
year mterval. The change in the number of 
Stage 1 lesions is noteworthy. A consider- 
ably arger group of patients with such 
lesions was seen in the latter part of the 
decade; a corresponding decrease in the 
total sumber of Stage ut lesions occurred. 
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Targi IV 


SURVIVAL DATA AFTER COMPLETE RADIATION THERAPY FOR CARCINOMA OF THE 
CERVIX: MAYO CLINIC, 1940-1944 











Lived Ten or 
More Years 
after Treatment 


! <2 i 
Lived Fiveor | 
x, > $ 
Patients More Years | 
| | after Treatment 





Type of Lesion 





Squamous cell epithelioma 
Stage 1 









Stage 11 












Stage 1H 





Stage Iv 












Other carcinomas 


Total 
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SURVIVAL DATA AFTER LIMITED R&DIATION THERAPY FOR CARCINOMA OF THE CERVIX: 
MAYO CLINIC, 1940-1944 








| g M | 5 x. 
| Lived Five or | Lived Ten or 
Patients | More Years | Patients | More Years 
| 
| 


"T MT after Treatment | after Treatment 
Type of Lesion | 








H 
| 
No. | Traced 





Squamous cell epithelioma 


Stage 1 2 1 | 60.0 
Stage 11 | g 6 -e0 





14 | fh | 42.9 








Stage iv 38 2 P 
Modified 62 x 12.9 
Other carcinomas | 8 > 25.0 
EE meme aa or teen a da = 
Total ] 














* Based on traced patients, Inquiry as of January 1, 1450. 
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"Taste VI 
SURVIVAL DATA AFTER COMPLETE RADIATION THERAPY 
as! nn 


MAYO CLINIC, 


| 
i 
Patients | 


Type of Lesion 











Li aved F 
| More Years 
| after Treatment 





FOR CARCINOMA OF THE CERVIX: 


Livei Ten or 
| More Years 
| after Treatment 


ive or 
Patients 








Tora eol NR eel Hout Prset oN E 
otal | raced į NOL | (7 i ote aced ; NO. ^ * 
race | | Cent* | ota racer l Q Cent* 
Squamous cell epithelioma l | : | 
Stage I | 30 | 27. | O.C 31 f 29 24 82.8 
Stage 1 |og64 | gia. | 168 {146 85 68.2 
i | | 
Stage IH t32 132 | 68 ELS 132 119 45 37.8 
Stage iv "owe ll dec i 27.0 ao | ous A: 41.9 
— — winch EH z i | Ven. pM — 
Modified 19 I| 8 24-4 19 | 18 1 5.6 
Other carcinomas 19 isi 9 £0. Ig |. 17 7 ATA 
i 
Total 403 394 239 (O5 ho 175 


* Based on traced patients. Inquiry as of January 1, 1960. 


This can only be explained by the earlier 
recognition and treatment of the disease, 
since few of these patients were treated 
surgically in either interval. 

Limited Radiation Therapy (1945-1940). 
A total of 168 patients received limited 
radiation therapy in the interval from 
1945 through 1949, with five and ten year 
survival rates of 24 and 11 per cent, re- 
spectively (Table vit). A discouraging note 
with this group is the pronounced increase 
in the so-called modified group. This re- 
flects the fact that more localities from 
which our practice derives are providing 
radiation therapy or attempting radical 
surgical procedures than formerly and that 
more patients who have resistant or poorly 
responding lesions come to the clinic for 
treatment. The salvage rate in these pa- 
tients is necessarily far less than it is in 
those treated p rimar ily. 

All len of Radiation Therapy (4940- 
1049). Table vin is a composite of the four 
preceding tables summarizing all patients 
treated from 1940 through 1949. The total 
of 1,143 patients had five and ten vear sur- 


vival rates of 49 and 40 per cent, respec- 
tively. A total of 40 patients (3.5 per cent) 
were lost to follow-up in five years, with 79 
patierts (7 per cent) lost to follow-up in ten 
vears. These therapeutic resulrs are not too 
dissimilar from the figures reported by the 
four cther medical centers shown in Table 

They indicate ample room for improve- 
ment not only by the introduction of new 
techniques but also by further education of 
the public and meticulous application of 
the methods now available. 

Decths. Table rx shows the number of 
tracec patients who died between five and 
ten vears after treatment with radiation. 
This excludes deaths in patients whose 
lesions were modified by previous treat- 
ment, who had lesions other than squa- 
mous zeilepithelioma, or who did not receive 
the complete course of radiation therapy. 
The greatest number of deaths occurred in 
the sixth. vear after treatment. The great 
majority of deaths were in patients with 
Stage r or i lesions. This is to be ex- 
pected, since Stage 1 lesions that have been 
controlled for five vears shouid remain so, 


494 David G. Decker and Martin Van Herik Mazer, 1961 


Taste VII 


SURVIVAL DATA AFTER LIMITED RADIATION THERAPY FOR CARCINOMA OF THE CERVIX: 
MAYO CLINIC, 1945-1949 




























































































































Lived Five or Lived Ten or 
Patients More Years Patients More Years 
Tipe ef Lain after Treatment after Treatment 
tan Total | Traced | No. TAN 
Squamous cell epithelioma | 
Stage 1 50.0 2 I o o 
Stage 11 12 36.4 
Stage uI 22 33.3 
Stage 1v 22 o 
Modified 96 4.4 
Other carcinomas 14 23.1 
Total 168 II.4 
* Based on traced patients. Inquiry as of January 1, 1960. 
Tase VIII 
SURVIVAL DATA AFTER ALL TYPES OF RADIATION THERAPY FOR CARCINOMA OF THE CERVIX: 
MAYO CLINIC, 1940-1949 
Lived Five or Lived Ten or 
Patients More Years Patients More Years 
3 after Treatment after Treatment 
Type of Lesion 
P 
Total C ih Total | Traced | No. Lu 
Squamous cell epithelioma 
Stage 1 42 82.9 42 39 76.9 
Stage n 325 72.8 325 297 64.0 
Stage n 357 51.7 357 336 41.7 
Stage 1v 156 22.9 156 152 28 18.4 
Modified 199 21.3 | 199 183 14 4 
Other carcinomas 64 37-9 64 57 19 | 33-3 
Total 1,143 |i, 103 542 49.1 | 1,143 | 1,064 421 39.6 





* Based on traced patients. Inquiry as of January 1, 1960. 
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Taste IX 
NUMBER OF DEATHS FIVE TO TEN YEARS AFTER 
COMPLETE RADIATION THERAPY FOR 
CARCINOMA OF THE CERVIX 






Type of Lesion 


Squamous cell 
epithelioma 
Stage 1 
Stage H 
Stage in 


Stage 1v 


Total 





"his excludes patients whose lesions were modified by previ- 
ous treatment elsewhere or who had lesions other than squamous 
cell epithelioma. 


and the vast majority of patients with 
Stage 1v lesions are already dead. Van 
Herik and Fricke? noted a steady decrease 
in the incidence of recurrence from the time 
of treatment to the fifth year, and this ap- 
parently occurs also in the interval from 
five to ten years. Table x is an attempt to 
classify the deaths between five and ten 
years on the basis of metastasis or recur- 
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rence, or the presence of other diseases. 
This is particularly dificult in our type of 
practice, because many patients come from 
a distenee and the terminal phases are ob- 
served bs the home physician. As far as 
can bedetermined, 32 of the £6 deaths dur- 
ing ths period resulted from recurrent or 
metastatic carcinoma of the cervix and $ 
patien s died from other causes, such as a 
cerebrevascular accident or cardiac dis- 
ease; 1k the remaining 16 cases. not enough 
information was available to allow accu- 
rate determination of the cause of death. 


COMMENT 


Acccrding to Miller and associates,’ the 
basic concepts of the treatment of car- 
cinome et the cervix remain ir a “polemic 
groove oscillating between irradiation and 
surgerr." Our associates and we have at- 
tempted to avoid this by the team ap- 
proach to a decision regarding treatment. 
With few exceptions, all of the patients in 
this series were seen and evaluated by a 
gynecclogist, a radiation therapist and a 
surgeoa, and then the decision was made as 
to the best type of treatment for the in- 
dividual patient. This approach has merit 
but is oy no means infallible, since human 
error cinrot be so easily eliminated. 


Taste X 


CAUSE OF DEATH* FIVE TO TEN YEARS AFTER COMPLETE RADIATION THERAPY 
FOR CARCINOMA OF THE CERVIX 























Cause of Death | 
mennen nee eenden | 
Type of Lesion Recurrent or | Disease Other | | Total 
Metastatic [Than Carcinoma) Unknown | 
CAE | gee s i i 
Carcinoma | — of Cemwix f 
PE EE TONE E i a j 4 tot eeens E nc 
Squamous cell epithelioma | 
Stage 1 | I | o | I | 2 
f e Ds i ce i M 
—"———s ae | | | 
| ; 
[ i 6 
: | 
En pe 
18 | a i 
— : —— M Je 
| | 
4 | | 
l | 
ry i | i 
Total 32 | 








* This excludes the same patients as in Table ix. 
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When the results of therapy in the dec- 
ade under consideration were divided into 
two five vear intervals a significant. trend 
could be seen in the second interval toward 
earlier recognition and treatment of the 
disease. It is hoped, and the clinical im- 
pression supports this view, that this trend 
has continued. At the same time, however, 
an increased number of patients were seen 
with lesions whose course had been modi- 
fed by previous treatment that, in manv 
instances, was incomplete according to the 
best standards. The low rate of salvage in 
such patients has been emphasized. 

Much information is bound to be forth- 
coming from studies such as those recently 
initiated by Cosbie? in which the patients 
have been observed from the time of treat- 
ment to their death. The nature of the 
source of our patients makes it difficult to 
pursue such a program at our institution, 
but attempts are current to follow our 
treated patients more systematically than 
heretofore has been the rule. Determina- 
tion of the five year survival rate is more 
important in carcinoma of the cervix than 
it is in many other tumors, but much valu- 
able information will be lost if the follow-up 
is terminated at this point. 


SUMMARY AND CONCLUSIONS 


The 1,300 patients included in this re- 
port comprise all those treated for car- 
cinoma of the cervix at the Mavo Clinic 
from 1940 through 1949. Definitive radia- 
tion therapy was given to !,143 patients, 
and 157 patients were treated primarily 
by surgical techniques. 

The over-all survival rate for the 1,143 
patients who received definitive radiation 
therapy was 49 per cent for five years and 
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40 per cent for ten years. If all the patients 
lost to follow-up were considered to have 
died of carcinoma of the cervix, the sur- 
vival rate would be 47 per cent for five vears 
and 37 per cent for ten vears. 

Of the 56 patients with squamous cell 
epithelioma of the cervix treated primarily 
at the clinic who died between five and ten 
vears after treatment, 32 died of recurrent 
or metastatic carcinoma of the cervix and 
8 died of other diseases; not enough infor- 
mation was available in the remaining 16 
cases to determine the cause of death. 

A plea is made for long-term follow-up on 
all patients with carcinoma of the cervix in 
the hope that such retrospective studies 
may add to knowledge of the nature and 
behavior of this malignant tumor after 
treatment. 

The Mavo Clinic 


Rochester, Minnesota 
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ENDOMETRIAL CAKCINOMA* 
A THIRTEEN YEAR REVIEW 


By C. A. GRIMM, M.D. 


OKLAHOMA CITY, OKLAHOMA 


HERE is a growing mass of evidence 

indicating that the incidence of carci- 
noma of the uterine fundus is approaching 
the incidence of carcinoma of the uterine 
cervix, 5055177 Better diagnostic methods, 
an increased awareness on the part of both 
patient and physician and the advancing 
age of the population are accepted as the 
explanation for this phenomenon. Since 
1956, when the Oklahoma Hospitals began 
compiling records, 2.3 per cent of all cancer 
admissions have been patients with endo- 
metrial carcinoma. At this institution, 
fundal cancer is diagnosed as frequently as 
carcinoma of the urinary bladder and carci- 
noma of the rectum. 


MATERIAL AND CLINICAL FINDINGS 

Fighty-three women were treated for 
endometrial carcinoma in the University of 
Oklahoma Hospitals from March, 1945, to 
March, 1958, a thirteen vear period. A 
statistical analysis of 82 of these patients is 
the basis of the present study. One patient 
has been lost to follow-up and is not in- 
cluded. Almost all the women were clinic 
patients and have been followed in the Uni- 
versity Clinics outpatient department. 
There were only 7 private patients and 
they were traced without difficulty by con- 
tacting the referring physician. The five 
vear salvage rate is based on so patients 
treated prior to March, 1955. 

Pertinent vital statistics of the 82 pa- 
tients are summarized in Table r. Seventy- 
three were married; 22 were childless. The 
association of corpus cancer with sterility 
has been established for many vears.?»?? 
The significance of this relative increase 
with childlessness is not as vet fully under- 
stood. The average age of the patients was 
fifty-eight vears. It is interesting to note 
that 84 per cent of our cases occurred after 
the age of fifty. The youngest woman was 


thirty-two, the oldest eighty-six. Of the 
group, 78 per cent were postmenopausal. 
The predisposition of this malignancy for 
women wrose menses have ceased has been 
repeated stressed in the literature. "22% 

Figure - indicates the grave significance 
of postmeaopausal bleeding. In our series, 
the ccmrlaints ranged from seemingly 
innocueus intermenstrual spotting to sud- 
den orset of vaginal hemorrhage many 
years efter cessation of menses. It is ap- 
parent thet postmenopausal bleeding, how- 
ever slight, must be considered a manifesta- 
tion o^ gynecologic cancer until proved 
otherwise bv means of diagnostic dilatation 
and curettage. The only other symptom 
described with any degree of regularity was 
abdom na. discomfort of varying nature. 

For many vears there has been an at- 
tempt to correlate endocrine abnormalities 
with the development of adenocarcinoma of 
the uterus,2 55159595 The interrelationship 
of endometrial hyperplasia, hyperestro- 
genism and aberration of carbohydrate 
metabelism has been investigated exten- 
sively im the British literature.!??" These 
studies hive demonstrated an abnormal 
inciderce of benign glandular hyperplasia 
in patients with frank diabetes and patients 
with h.gh glucose tolerance curves who are 
not chnieally diabetic. By inference, a 
qualitctive and quantitative relationship is 
assumed vetween hyperactivity of the an- 
terior dituitary gland and corpus cancer. In 
1935, Sten and Leventhal’! described the 
syndrente which bears their name and 
noted thzt such cases were more prone to 
develop endometrial carcinoma than could 
be explained on the basis of chance. They 
surmised that some abnormality of the 
pituiterv-adrenal-ovarian balance was re- 
sponsi dle 

The emdoerinopathies observed in our 
series are summarized in Table 11: $7 were 
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Fra. 1, Relative frequency of causes of gynecologic bleeding. Graphic evidence of the serious implication of 
vaginal bleeding in the postmenopausal patient. (Modified from Taylor and Millen.?) 


described as obese; 24 menstruated bevond 
the age of so; 36 were definitely hrperten- 
sive with diastolic pressures of at leust 100; 
and 13 had a clinical diagnosis of diabetes. 
It is noted that 12 patients presented the 
triad of diabetes, hypertension and obesity. 


Taste | 


VITAL STATISTICS OF 82 PATIENTS WETH 
ENDOMETRIAL CANCER 


Marital Status go married 

Age Range from 32°86 
66E from 50-65 
Average age 5} 

Parity 24% childless 

Race 836% white 

goS, charity 


Economic Status 


RCE postmenopausal 
Average age at menopaisse 47 


Menopause 


Vaginal bleeding 986; 
Abdominal pain 33% 


Symptoms 


In this series, the staging system set 
forth in the Stockholm League of Nations 
report? has been used. Stage 1 refers to 
cancer clinically confined to the uterus. 
Stage 11 includes cancer which has spread 
bevond the confines of the uterus, based on 
palpation of an irregular extrauterine mass, 
obvious invasion of surrounding tissue, 
and, or evident metastases. Of our patients, 
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ENDOCRINOPATHIES OBSERVED IN 82 PATIENTS 
WITH ENDOMETRIAL CANCER 


Per Cent 
" No. of Per of Gen- 
Abnormality 


Cases — Cent eral Pop- 
ulation 

Obesity es zo 40 
Menopause after Age so 24 40 Bets 
Nulliparity 20 24 Igei 
Hypertension 36 44 26-10 
Diabetes 13 16 I 
Ovarian Neoplasm 2 2.4 
Hypertension, Diabetes 

a.b 


and Obesity 12 
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77 per cent were classified as Stage 1; 23 per 
cent as Stage mu. Unavoidab le errors in 
classification are inherent in this staging 
system, since clinical criteria alone are uti- 
lized. In retrospect, it can be assumed that 


most of the Stage 1 patients who died of 


progressive disease were undetected Stage 
I1 cases at the time of treatment. 

Histologic diagnoses are available in all 
Adenocarcinoma was reported in 78 
patients and adenoacanthoma in 4. No 
attempt has been made to classify the neo- 
plasms according to histologic grade. 


Cases. 


FREATMENT 


During the thirteen vears covered bv this 
study, several modes of therapy have been 
used. No fixed plan of treatment has 
evolved. Of the 32 ‚36 were treated by 
surgerv plus some form of irradiation; 29 
patients underwent hysterectomy alone, 
receiving no other definitive therapy; Sand 
17 were treated by irradiation alone. 

In respect to comparison of modalities, 
the number of cases is too small and is so 
affected by selection that no statistically 
valid conclusions can be drawn. From the 
data available, however, some generaliza- 
tions can be made. Apparently, individual 
selection has resulted in the use of surgery, 
either alone or in conjunction with irradia- 
tion, in good risk, Stage 1 patients. Irradia- 
tion alone has been used primarily to pal- 
liate poor risk, debilitated patients. Contra- 

„indications to surgery have included far 
advanced local malignancy, extreme obes- 
itv, metastatic cancer and systemic cardio- 
vascular disease. 

An evaluation of the tvpe of radiation 
therapy which was administered is impor- 
tant. Most of zhe patients who were not 
surgical candidates were treated by a single 
radium application. A metal tandem 
containing 50-75 mg. of radium was 
inserted into the endometrial cavity and 
allowed to remain for 3,000~5,000 mg. 
hours. Occasionally, vaginal colpostats 
were utilized as an adjunct. The radium 
application was not followed by external 
roentgen therapy unless persistent or recur- 


Cases 
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rent disease necessitated further treatment. 
When intrauterine radium was impractica- 
ble, the patient was treated by orthovoltage 
externzl roentgen therapy. The dosage 
varied, usually two anterior and two pos- 
terior felds were carried to skin tolerance. 
This approach to radiation therapy bears 
little relationship to the thorough, pains- 
taking therapeutic program described by 
Hevman. 7:5 Therefore, it can be assumed 
that no patient received what is now ac- 
cepted as a full course of irradiation. It is 
surprising and gratifying that some of the 
Stage 1 patients who were considered poor 
surgica, candidates have been salvaged bv 
irradiatian alone. 

It is interesting to note that the radium 
technicue and dosage were essentially the 
same whether or not the irradiction was to 
be follcwed by surgery. Of the 36 patients 
who were treated by a combined approach, 
27 received preoperative radium therapy 
delivered by tandem or needles. Nine 
women had far advanced local cancer, 
which precluded a radium application; 
therefore, external therapy was given prior 
to surgery, 


RESULTS 


The results of treatment according to the 
tvpe of therapy and stage of the disease are 
shown n Table m1. Apparent cures include 
patients who are alive and well at least two 
vears foliowing treatment and those who 
have died of intercurrent disease unrelated 
to uterine cancer. Thus, 61 of the 82 pa- 
tients 744 per cent) represent apparent 
cures. Since 5 patients have died of unre- 
lated causes, the absolute cure rate, then, is 
56 of 82 (63.3 per cent). 

F Nfe patients have been followed at least 
five vecrs. Twenty-nine are living and well, 
an absolute salvage of 58 per cent. Since 4 
of thes: patients have died of intercurrent 
disease. the apparent five vear survival rate 
is 67 per cent. Results of treatment else- 
where cre summarized in Table iv. 

As indicated in Table in, the major 
factor :n ultimate prognosis is the stage of 
the disease at the time of diagnosis and 
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RESULTS OF TREATMENT IN 82 PATIENTS WITH ENDOMETRIAL CANCER ACCORDING TO 
STAGE OF THE DISEASE AND TYPE OF THERAPY 






| Stage H 
-——— €—— —————PMá€Ó— n — i ——————— — À— at a 
Type of Therapy | Total Apparent Cures | Total Apparent Cures 
| No. of No. of s i No. No. c z 
| 0 of o of Per Cent o. of x of Portu 
| Cases Cases i Cases Cases 
M MM MH MM — tet "DU EUR VOTRE HUN T Ni PRIN 
i 
Surgery Alone | 27 23 100 2 I so 
Irradiation Plus Surgery | 28 26 95 8 3 38 
Radium Alone* | 4 2 50 2 Oe 
Roentgen Rays Alone* | 4 2 50 3 o — 
Ee wc rceiei tu mue ce rm den E MUR te rears 
Total | 63 5 90.5 | 19 4 al 


* Incomplete course of irradiation by present day standards; not suitable patients for surgery. 


treatment. Gratifying results can be ex- 
pected in patients with cancer clinically 
confined to the uterus. Of the 55 Stage 1 
cases receiving definitive treatment, only 2 
are classified as treatment failures. It is 
significant that 4 of the 8 Stage 1 patients 
not considered surgical candidates and 
treated by less than optimal irradiation are 
living without cancer at this time. 

Patients with Stage 11 lesions have a poor 
prognosis. In this series, only 3 of 19 pa- 
tients have survived. One patient died in 
congestive heart failure four vears after 
treatment and 15 must be classified as 


Tage IV 


SUMMARY OF REPORTED RESULTS 








Five Year 


Treatment ped Survival 
uses (per cent) 
Preoperative Irradiation 
Heyman? 65 78 
Rhode Island Hospital? 67 61 
Hundley e al 81 84 
Radium Alone 
Heyman! 459 62 
Rhode Island Hospital? 2i 43 
Corscaden? 27 48 
Hysterectomy Alone 
Rhode Island Hospital? 22 68 
Arneson! 18 84 
Masson? 306 67 
Finn? 39 70 








treatment failures. Similarly discouraging 
results have been reported from other 
institutions; the usual salvage rate in Stage 
II patients averages 15-20 per cent.!^? 


DISCUSSION 


The literature on the treatment of endo- 
metrial carcinoma is quite voluminous. 
General surgeons, radiologists, gynecolo- 
gists, and other members of the medical 
profession have expressed their individual 
and collective views for many vears. As yet, 
no unanimity of opinion is available. Cer- 
tain premises are generally accepted: 

1. The diagnosis should be established 
histopathologically prior to any treatment. 

2. The best results are obtained when a 
hysterectomy is practicable. 

3. The results are considerably improvede 
by judicious radiation therapy, preferably 
preoperative. 

4. A coordinated approach utilizing the 
resources of the gynecologist and the radi- 
ologist is necessary, and it must include 
diagnosis, treatment, and follow-up care. 

The superiority of a combined therapeu- 
tic approach is not universally accepted. 
Heyman," who has had as much experience 
with corpus cancer as any physician in the 
world, believes that radiation therapy 
should be the primary treatment and sur- 
gery is to be performed only if uncontrolled 
disease persists. Conversely, some authori- 
ties**° advocate immediate hysterectomy 
to be followed by radiation therapy in cases 
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COMPARISON OF REPORTED FIVE YEAR SURVIVAL RATES 
FOR ENDOMETRIAL CANCER TREATED BY 
SURGERY ALONE AND BY IRRADIA- 

TION FOLLOWED BY SURGERY 





Irradiation 


: Followed 
Surgery 
Author 9c by Hyster- 
(percent) ^ ^ 
^ ectomy 
(per cent) 
Arneson! 79 8; 
Cosbie ef aZ* 73 8s 
Payne” 8c 93 
Randall, Mirick, and Wieben?? 62 82 
Randall and Goddard? 6o 76 
Schmitz et a/.29 79 go 


of recurrent cancer. 

Intrauterine placement of radium pro- 
vides an effective control of the primary 
neoplasm and also delivers significant 
dosage to the parametrial tissues and the 
vaginal vault. An increased incidence of 
recurrence in the vaginal cuff is a major 
disadvantage of the use of surgery alone? 
Several investigators have published sal- 
vage rates for surgery as compared to their 
results with combined irradiation and sur- 
gery (Table v). As a result of their studies, 
they have become champions of combined 
treatment. 5117622225 Optimum preopera- 
tive radium treatment eradicates histologic 
evidence of cancer in 60-go per cent of 
operative specimens.'!^/5?5 In our series, 
eno malignant cells were identified in 71 per 
cent of the uteri which had been treated by 
radium prior to surgery. 

Most authorities recommend that sur- 
gery follow irradiation within four to six 
weeks if at all possible." Primary radia- 
tion therapy without subsequent surgery is 
advised only in cases made inoperable by 
nonresectability, severe systemic disease, 
and refusal of the patient to undergo the 
operation. 

At the present time, most therapists uti- 
lize a technique whereby the uterine cavity 
is packed with multiple small sources of 
radium 51510388 This procedure delivers a 
relatively homogeneous dosage of irradia- 
tion to all segments of the endometrium. 


Endometrial Carcincnm . SOI 


Additicna! radium in the vaginal vault is 
aimed at preventing recurrence in this re- 
gion. (Oy r patient in this series was 
treated br the multiple capsule method, 
but during the past two vears this tech- 
nique kas been used more frequently.) In 
some centers, supervoltage roentgen ther- 
apy has proved effective, especially in inop- 
erable patients with extensive pelvic disease 
which preeludes radium application. 


SUMMARY 


Figh-y-*wo patients treated for endo- 
metrial earcinoma at the University of 
Oklahoma Hospitals from 1945-1958 are 
reviewed. All of the patients have been 
followed for at least two vears and so of 
these comprise the five year group. Fiftv- 
six patients are living and well (68.3 per 
cent). Phe absolute survival rate in the 
patients followed five or more years is 58 
per cent. 

The grave significance of postmenopausal 
vaginal bleeding is emphasized. A diag- 
nostic jilatation and curettage is impera- 
tive in all women who present with this 
complaint. The index of suspicion should be 
especially high in patients with various 
endocrinepathies, such as those evidenced 
by hypertension, benign endometrial hy- 
perplasia, obesity, and diabetes. 

The mest important factor in ultimate 
survivel is the stage of the disease at the 
time of diagnosis and treatment. The prog- 
nosis 13 excellent in cases in which the 
cancer is still clinically confined to the 
uterus. 

Whea endometrial carcinoma is present, 
the treatment of choice is preoperative 
radium application followed by complete 
abdom na hysterectomy. 

C. A, Grmm, M.D. 

Universizy of Oklahoma Medical Center 
Departivernt of Radiology 

Soo N, E. roth Street 

Oklahoma City 4, Oklahoma 
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INCIDENCE OF PELVIC MALIGNANCIES FOLLOWING 
IRRADIATION FOR BENIGN GYNECOLOGIC 
CON DITIONS* 


By PHILIP RUBIN, M.D., ANATOL 


RYPLANSKY, NED 


and ARTHUR DUTTON, Pr.D.+ 


ROCHESTER, NEW FOR a 


Be reviews of the late results of 
the use of radiation therapy in benign 
conditions are in order because of the vari- 
able incidence of subsequent carcinogene- 
sis reported by many authors. Procedures 
once considered routine, such as thymic ir- 
radiation of children with widened medi- 
astinal shadows and spinal irradiation of 
adult males with rheumatoid spondylitis, 
have been largely abandoned in the past 
decade. The value of any form of therapy 
depends upon its success initially and its 
complications and death rate subsequently. 
It is generally agreed that any significant 
development of malignancy must be care- 
fully weighed when radiation therapy is 
considered for benign lesions. 

The incidence of pelvic malignancies fol- 
lowing the use of radium and external ir- 
radiation in benign gynecologic conditions 
has been intensively reported in the gyneco- 
logic literature with virtual exclusion in 
radiologic journals. Until 1956, no report 
presented unequivocal evidence that ir- 
radiation for benign uterine bleeding pre- 
disposed to the subsequent dev elopment of 
pelvic neoplasia. Palmer and Spratt! found 
a 6.6 per cent incidence of late genital can- 
cers in their series at Roswell Park Memo- 
rial Hospital, higher than that reported by 
any other author, and stated that "previ- 
ous irradiation is, at least 1n part, responsi- 
ble for subsequent malignancy." As these 
authors have noted, there are numerous 
pitfalls which mav invalidate such a study. 
Before evaluating the 
the present survey, a review of the litera- 
ture is in order to help define the issues 
more ae 





^ at t the Fort 
T Department of Radi 
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REVIEW OF THE LITERATURE 

Prev ous studies exploring the problem 
of cancer induction following pelvic ir- 
radiatien for gvnecologic diseases of a be- 
nign n: ture have been along two lines: (1) 
the prospective approach, in which pa- 
tients radiated for benign bleeding have 
been fellowed for various periods to de- 
termine what percentage developed pelvic 

cancers; and (2) the retrospective ap- 
proach in which patients with gvnecologic 
cancers he ve been studied to determine the 
percenaze previously irradiated for be- 
nign lesions. 

As early as 1925, Werner? noted an in- 
cidence of 0.3 per cent of gynecologic can- 
cer in 2,530 patients subsequent to radia- 
2 therapy for menstrual disorders. A 

leter, in 1926, Vogt? substantiated 
dus frxbrg with a 0.4 per cent occurrence 
rate of endometrial carcinoma in 1,300 pa- 
tients reated by radiation as opposed to a 
§ per cent incidence of fundal carcinoma in 
all pat eats with menopausal bleeding. He 
concluded that radium therapy was pro- 
tective in that the rate of malignancy was 
decreased bv a factor of ten. 

A case report of endometrial carcino- 
ma seven vears following roentgen-rav in- 
duced menopause was recorded by Mac. 
farlane!“ in 1932 with a review of the liter- 
ature -o gts. A total of 29 cases in seven 
articles, all in the German literature, was 
analyzed. The author concluded, "it is evt 
dent taat the possibility of developing car- 
cinoma m the uterus after radiation is very 
remote." 

In :934, Schmitz"? found only 1 case of 
ae ancy in $78 patients treated by ir- 
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SoL 4 

, No. of 

Author Year iu 
Cases 

Schmitz!’ 1934 578 ; 
Costolow? 1941 1,009 986 
Corscaden ef al! 1945 1,100 958 
Crossen and Crossen? — 1947 526 526 
Montgomery ef al”? 1952 1,232 831 
Hunter ef al.’ 1954 765 644 
Palmer and Spratt — 19:6 1,670 721 
Stander!? 1957 964 735 
Rubin et a7. 1960 489 310 
radiation for benign uterine lesious “Table 


1) and he questioned the role of rad um in 
the cited case since atypia had been noted 
in the histologic sections eighteen months 
earlier. Later in the thirties, isolated in- 
stances of 1 or 2 cases of malignancy after 
irradiation of the uterus were descri xed by 
Strachan,? Malpas," Essen-Moller, and 
Luker® in the British literature. 

In the forties, a number of larger series 
was reported (Table 1). In 1941, Cos-olow,? 
analyzing 1,009 cases of uterine fbroids 
treated by radium, found 4 cases of 
malignancy for an incidence of 0.4 per cent. 
Scheffev!’ a vear later added 20 cases to the 
71 so far reported of malignancy subse- 
quent to irradiation of the uterus or be- 
nign conditions. Although he is often re- 
ferred to as the first author implica>ing ir- 
radiation as a cause of the cancer, ke con- 
cludes his paper with a statement of the 
opposite point of view, “errors of omission, 
either in technique or in judgment . . . not 
the radiation therapy itself, were -he re- 
sponsible factors in the subsequent occur- 
rence of malignancy.” 

Corscaden ef al? in 1946 carefully re- 
viewed their series and found 22 cases of 
pelvic neoplasia of which 18 were gvneco- 
logic in origin, representing a 1.9 per cent 
incidence rate. They expressed the cpinion 
that the abnormal bleeding rather tian ir- 
radiation was responsible for the malig- 
nancies. Crossen and Crossen? in the only 
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O.17 
95 2,812.56 4 O.40 
88 ».7 fav.) 17 1.00 
100 (av.) z 0.98 
66 $—21 12 1.40 
34 20 3 0.50 
43 20 51 6.60 
70.5 -24 19 2.60 
64 5 33 7 2.20 


controlled studv showed that irradiation of 
uterine fibroids reduced the incidence of 
ovarian cancer and endometrial carcinoma. 
Thus, in 2,136 cases of nonirradiated mvo- 
mas there were 13 cases of ovarian cancer 
(0.68 per cent) and 37 cases of fundal 
cancer (1.7 per cent) as opposed to an inci- 
dence in 526 cases of irradiated mvomas of 
1 case (0.19 per cent) of ovarian cancer and 
4 cases (0.7 per cent) of fundal cancer. 

In 1952, Montgomery ef a? found 12 
cases of pelvic cancer In 831 cases of benign 
uterine bleeding treated bv radium. Com- 
paring the mortality and morbidity of 
surgery with the 1.4 per cent incidence of 
malignancy after utilization of radiation 
techniques, they concluded that the risk of 
radium therapy is very small and is to be 
preferred. Healy, in discussing this report, 
also felt that no relationship between ir- 
radiation and the late development of 
uterine carcinoma and sarcoma existed. 
Hunter ef a/.,* in 1954, presented a critical 
twenty year survey of their experience in 
the use of radium for the treatment of be- 
nign uterine lesions. After finding 3 late 
cases of gynecologic malignancies in 644 pa- 
tients, they concluded, “an alleged high 
incidence of post-irradiation malignancy 
...has never been demonstrated by an 
analysis of actual clinical experience.” 

In 1956, Palmer and Spratt® sent ques- 
tionaires to 1,670 patients treated with 
radium and roentgen rays for benign 
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uterine abnormalities. As mentioned, they 
found an unusually high incidence (6.6 per 
cent) of late malignancies compared to 
other authors. This they felt was due to the 
long follow-up (more than ten years) in 
their study; however, no mention was made 
of the fact that they had one of the lowest 
response rates in the literature with only 
43 per cent of the patients answering and 
the consequent deletion of more than half 
of their series. 

A comparable but much more complete 
experience was offered by Stander!® in 1957 
from the University of Michigan. In a 
study encompassing 964 patients who had 
radiation castration, 735 (76.5 per cent) 
were traced from ten to twenty-four years 
(average 16.6 years). There were 19 gyne- 
cologic cancers found for an incidence of 
2.6 per cent, with endometrial carcinoma 
being the major group (14 cases). The au- 
thor felt that the irradiation was not car- 
cinogenic in pelvic structures and that the 
increased. occurrence of endometrial car- 
cinoma was due to endocrine abnormal- 
ities. Since the same control group was used 
in this series as in the Palmer and Spratt 
report, one readily observes the conflict- 
ing and confusing nature of this survey of 
the literature. 

MATERIAL 

BENIGN GYNECOLOGIC CONDITIONS IRRADIATED 

From 1927 to 1958, there were 469 cases 
of benign gynecologic conditions in our 
series which were irradiated by means of 
roentgen rays and radium. In Table 11, the 
various disorders are listed. The majority 
of the lesions treated (68.2 per cent) were 
in those patients presenting with profuse 
and irregular menopausal and postmeno- 
pausal vaginal bleeding. Endometrial hy- 
perplasia, histologically proved, consti- 
tuted the largest single group, or 60 per 
cent, of the series. Curiously, myomata 
comprised only 13 per cent. Other reasons 
for irradiation such as endometriosis, 
sterilization, infections and infertility ac- 
counted for a relatively small percentage of 
the series. Beneficial results occurred in 
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BENIGN GYNECOLOGIC CONDITIONS IRRADIATED 








No.of Per 
Cases Cent 


Endometrial Hyperplasia (histologically 


proved) 287 6o 
Excessive Uterine Bleeding (histolog- 

ically normal) 860017 
Myomata {teri 48 13 
Endometriosis 16 3 
Cervicitis 9 1.8 
Sterilization for Various Reasons 9 1.8 


(anemia, psychiatric conditions) 
Excessive Eterine Bleeding (no histology) 6 
Infections 4 
Infertility 2 
Pruritus Valvae 2 
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more than go per cent of these cases, as has 
been noted in similar instances by many 
authors. 

In reviewing the distribution of cases 
(Fig. 1), rt was found that radium insertion 
for endometrial hyperplasia was done most 
frequently from 1940 to 1949. In the past 
decade, there has been a gradual supplant- 
ing of radiation therapy with hormonal 
regimes and surgical methods, either curet- 
tage alone or, if indicated, hysterectomy. 
In the last few years, sterilization for 
medical or psychiatric reasons has been 
done by irradiation only when surgery was 
contraindicated. 


NUMBER OF PATIENTS 








Fic. 1. Number of patients with benign gynecologic 
conditions treated each vear. 
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Fic. 2. Radium distribution and dosage in benign 
gynecologic lesions; assuming 4 sources, each of 
1.0 em. active length, and 1.5 cm. total length. 
Filtration: 1.0 mm. Pt and 1.0 mm. Pb. 


AGE DISTRIBUTION 


The main group of our patients was 
either menopausal or postmenopausal. The 
age bracket between forty and fifty-five 
years contained 82 per cent of our series. 
Only 14 per cent were below the age of 
forty and 4 per cent were past the fifty-five 
year mark. 


IRRADIATION TECHNIQUES 


1. Intrauterine Radium. In 75 per cent of 
our cases, 359 patients, a radium stem was 
placed in the uterine canal. This consisted 
of a varying number of sources (1-5) 
filtered with 1.0 mm. Pt and 1.0 mm. Pb de- 
pending upon the length of the canal. The 
total amount of radium varied from so to 
100 mg. and this was left in place from 24 
to so hours. The average application was 
2,400 mg. hr. +400 mg. hr. The estimated 
dose in the pelvis to point A was 2,900 r 
(maximum) and to point B was zoo r 
(maximum). For a detailed analvsis of 
treatment factors see Figure 2. 

2. External Irradiation. A smaller group 
of 130 cases, or 25 per cent of our series, re- 
ceived external irradiation with the fellow- 
ing factors: 220 kv., half value laver 1.0 


Philip Rubin, Anatol Rvplansky and Arthur Dutton 


Marca, 1951 


Name: 
Address: 


1. Good response to x-ray or radium treatment was: 
Permanent 
Temporary 
None : 








2. Did menstrual bleeding recur? Yes — 


No 








3. If ves. was further x-ray therapy or surgery required’ 









Yes 
No 
4. Haies., name Hospi 
Date _ 
5. Present Health — — —— EUR ee ee ee en, 
6. Any other serious illnesses or operations! 





If yes. was hospitalization required? 
Name hospital, physician and dat 





Other remarks: 


Vic. 3. Questionnaire sent to patients. 

mm. Cu, 2 opposing 15X15 cm. ports; the 
total dose to each port was $00-1,000 r, 
usually fractionally delivered in two weeks; 
the calculated midpelvic depth dose was 
£00-1,000 r (average 700 r). 


FOLLOW-UP METHOD 


A regular form letter indicating our in- 
terest in evaluating the results of treatment 
was sent to all patients. The questionnaire 
consisted of seven carefully worded state- 
ments which were nonspecific in nature 
(Fig. 3). Of the 469 patients, 64 per cent re- 
sponded, 25 per cent never received the 
letter and 11 per cent failed to return the 
questionnaire. Repeat questionnaires were 
sent to the latter two groups, personal in- 
vestigations and telephone calls were made 
when feasible and letters to physicians, 
health department, ete. were mailed when 
indicated. 

CASES OF PELVIC MALIGNANCIES 

The total number of cases of malignancy 
in our series following irradiation for be- 
nign uterine conditions came to 16 (Table 
mi). Of these, 12 were pelvic and 4 were 
extrapelvic in location. Seven of the 12 were 
in gynecologic areas and the other § were in 
surrounding pelvic viscera. Brief case sum- 
maries (Table 1v) of these pelvic malig- 
nancies are as follows. 
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CARCINOMA OF ENDOMETRIUM (3 CASES) 


Case 1, H.M., 165310, a forty-six year old 
female, was treated for menorrhagia with a 
2,200 mg. hr. uterine stem radium application. 
Fight years later, a diagnosis of adenocar- 
cinoma of the uterus was made which was 
treated preoperatively by Heyman's radium 
capsules followed by hysterectomy. 


Case m, F.K., 69980, was a forty-three year 
old female with a history of menorrhagia shown 
to be due to endometrial hyperplasia following 
curettage. The application of a radium stem for 
998 mg. hr. in 1942 was followed in 1949 by 
external roentgen irradiation calculated to de- 
liver a depth dose of 720 r to the ovaries. Eight 
years later, recurrent menstrual bleeding was 
shown to be due to endometrial carcinoma 
which was treated preoperatively by Heyman’s 
capsules followed by hysterectomy. Two and 
one half years later, she died of extensive 
metastases. 


Case m, M.E., 13243, a forty-three year old 
female, was treated in 1935 for menorrhagia 


Taare HI 


COMPARISON OF OBSERVED AND EXPECTED CANCER 
INCIDENCE IN THE PRESENT SERIES 


Ob- 


Site Expected — Probability 
served ` 
Genital 
Corpus 3 1.6 0.22 
Cervix 1 TR O.83 
Ovary 3 öy 0.00 
Vagina o 0.05 1.00 
Vulva o o. 1.00 
Total Genital = 4.7 O.19 
Pelvic 
Bladder o Ds t.co 
Colon 4 MD o.ck 
Rectum o of 1.00 
Anus 1 
Total Pelvic 5 265 O.11 
Total Genital and 
Pelvic 12 ud 0.04 
Breast 4 4-4 o.f4 
Total, All Sites Gn- 
cluding 2 cases of 
cancer of the skin) 18 17.6 


Incidence of Pelvic Malignancies $07 


secondary to a myomatous uterus. A six point 
arrangement crossfiring the pelvis with roent- 
gen irradiation utilized with exposure 
factors recorded as 300 ma. min. Five vears 
later a diagnosis of adenocarcinoma of the 
uterus was made. The patient followed a re- 
markable course, surviving for nineteen vears 
with metastatic rumor the last ten vears of life. 


Was 


CARCINOMA OF CERVIX (1 CASE) 


Cass iv. M.M., 195337, a forty year old pa- 
tient, was treated for endometrial hyperplasia 
by means of a radium stem containing 115 mg. 
for 17 hz, totaling 2,000 mg. hr. Fifteen years 
later, carcinoma of the cervix was detected and 
death followed within a vear's time. 


CARCINOMA OF OVARY (3 CASES) 


Case v, A.V., 144816, at the age of forty- 
nine hada bout of menorrhagia which led to the 
diagnosis of endometrial hyperplasia. Treat- 
ment was with insertion of 80 mg. of radium 
for 31 he, or 2,480 mg. hr. Eight years later, at 
laparctomy, an extensive inoperable ovarian 
carcinoma was found and the patient died two 
months later. 


Case vi. F.B., 132508, a fifty-two year old 
female with menorrhagia but normal endo- 
metrium, following curettage received 2,500 
mg. hr. ef radium (100 mg. for 25 hr.). She died 
shortly after the diagnosis of ovarian carcinoma 
at laparetomy eight years later. 


Case vir. P.B., 145917, a ferty-eight year 
old female presenting with menorrhagia but 
histologically normal endometrium, was treated 
by means of an 80 mg. radium tandem for 30 
hr. (2,490 mg. hr.). A diagnosis of cystadeno- 
carciroma of the ovary was made thirteen vears 
later. Therapy consisted of surgery, postopera- 
tive external irradiation and isotopic instilla- 
tion. The patient is alive and well without dis- 
ease for two years. 

CARCINOMA OF COLON (5 CASES) 

Case vin. E.O'B., 58045, a fifty-five year old 
female with a history of menorrhagia, was 
treated by a radium application. She developed 
a sigmoid carcinoma two montas later. With- 
out much question this could not be related to 
the irradiation and is therefore excluded from 
our series, 

Casi ix. M.K., 206230, at the age of forty- 
five, developed a vesicovaginal fistula as the 
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Tase IV 
PELVIC MALIGNANCIES FOLLOWING IRRADIATION OF BENIGN LESIONS 

es Typeof Interval Sur 

Case Age Indication for Treatment Treatment (yr.) Late Cancer vivalt 

(yr.) 
1 H.M. 165310 46 Menorrhagia Radium 8 Endometrial I 

u. F.K. 69980 43 Endometrial hyperplasia Roentgen and 8 Endometrial 2.5 

radium 
ut M.E. 13243 43  Myomatous uterus Roentgen 5 Endometrial 19 
rv. M.M. 195337 40 Endometrial hyperplasia Radium 15 Cervical I 
v. A.V. 144816 49 Endometrial hyperplasia Radium 8 Ovarian 8 
vi. F.B. 132508 52 Menorrhagia. Radium 8 Ovarian I 
vu. P.B. 145917 48  Menorrhagia Radium 13 Ovarian 2 
vi. E.O'B. s8045* 55 Menorrhagia Radium 2 mo. Sigmoid 4 
ix. M.K. 206230 45 Endometrial hyperplasia Radium 4 Colon, as I 
cending 
x. R.G. 297450 §0 Endometrial hyperplasia Roentgen 5 Sigmoid 1 
xı. G.T. 345874 51 Endometrial hyperplasia Roentgen 6 Cecum 2 
xu. M.S. 30679 42 [Endometrial hyperplasia Roentgen 12 Sigmoid I 
xur. M.J. 208479 so Endometrial hyperplasia Radium II Anus 5 
* This case has been excluded from the series because tie two month interval is too short for the carcinogenesis to be related to the 
irradiation. 
1 Stillliving. 


result of repair of a cystocele. She also had 
menorrhagia and dilatation and curettage 
showed endometrial hyperplasia. She was 
treated with radium 7o mg. for 34 hr. tozaling 
2,380 mg. hr. Adenocarcinoma of the ascending 
colon was diagnosed four years after radium 
treatment and she died a year later of her 
disease. 


Case x. G.R., 297450, at the age of fifty de- 
veloped menorrhagia and histologically p-oved 
endometrial hyperplasia. The following roent- 
gen treatment factors were used: 220 kv., 
I5X15 cm. port anterior and posterior, and an 
ovarian dose of 480 r. The patient developed 
carcinoma of the sigmoid five years after ir- 
radiation. Resection of the sigmoid with ileo- 
colostomy followed and she died shortly after- 
wards. 


Case xi. G.T., 345874, a fifty-one year old 
female, presented with vaginal bleeding due to 
endometrial hyperplasia with areas of atypia. 
Therapy was by means of external roentgen 
irradiation, 220 kv., half value layer 1.0 mm. 
Cu, 15X15 cm. anterior and posterior opposed 
pelvic fields. A depth dose of 1,714 r was de- 
livered to the midpelvis: Six years later, a cecal 
carcinoma was found and resected. At death 
two years later, the disease had metastasized 
widely. 


Case xii. M.S., 30679, at the age of forty- 
two had metrorrhagia caused by histologically 
diagnosed endometrial hyperplasia. She was 
treated with 220 kv. roentgen rays with 15X15 
cm. opposing ports, the anterior and posterior 
pelvis receiving a total dose of 684 r to each 
ovary. Twelve years later, at laparotomy, 
carcinoma of the sigmoid with metastases to 
ovaries and peritoneum was found. 


CARCINOMA OF ANUS (I CASE) 


Case xur. M.J., 208479, at the age of fifty 
developed metrorrhagia which was diagnosed 
histologically as endometrial hyperplasia. She 
was treated with radium 100 mg. for 24 hr., a 
total of 2,400 mg. hr. Eleven years later, she 
developed carcinoma of the anus which was 
treated by surgery and irradiation. 


COMMENT 


Reviewing these cases of diverse tumors, 
one notes no correlation between their 
incidence and the age of the patient or the 
type of radiation employed. The ratio of 
radium applications to external roentgen 
treatments reflects the group distribution. 
The time interval before the onset of late 
cancer ranged from 4 to 15 years with the 
average being 8.7 years. It is of some inter- 
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est that the colon was the most frequent 
site of involvement. 


STATISTICAL METHODS AND RESULTS 


The expected and observed incidence of 
cancer at various sites is given in Table m. 
The expected values are determined by the 
method devised by Corscaden ef al! in 
which the total person-years of exposure to 
risk at each age is calculated, and available 
tables of site and age-specific incidence rates 
are applied to calculate the expected num- 
ber of cases at each of the sites. The inci- 
dence rates used are those released by the 
Bureau of Cancer Control of the State of 
New York, Department of Health, for the 
years 1949-1951, and, in addition, the 
table released for the year 1958. The table 
for 1958 is in abbreviated form and lists 
specifically only major sites. Wherever 
possible, the rates for 1949-1951 were aver- 
aged with those for 1958 to obtain the 
actual incidence rates used. For minor sites, 
e.g., vulva, only the 1949-1951 rates were 
used. In no case did the rates differ much 
from those of the 1949-1951 table. 

The use of any "control" or "normal" 
rate table is open to strong criticism. In the 
discussion it will be indicated that any 
group presented, as ours was, for treatment 
of benign gvnecologic bleeding is, in fact, 
a special group. The only adequate control 
group would be a matched, similarly pre- 
sented group which would zoz be treated by 
irradiation methods. It must be empha- 
sized that we do not use the above indi- 
cated tables unreservedlv. They are tables 
obtained from reported cases (cancer has 
been reportable by law in New York State 
since 1940), including those reported on 
death certificates. They are for all of New 
York State, exclusive of New York City. 
They are based, at least partially, on popu- 
lation. estimates. The same tables were 
used by Palmer and Spratt’? and by 
Stander.!? 

A third column is included in Table mt in 
which we have calculated the probability of 
at least as many incidents as were ob- 
served by us with the indicated expected 
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values. It is notable that, although the 
number of cases is high for the ovary and 
for the colon, the over-all number of genital 
cases is not exceptionally high—nor is the 
over-zll number of pelvic cancers. Com- 
pounced still further, however, the total 
number of pelvic region cases (12) is prob- 
ably ugh and has a probability of only 
about r in 20 of occurring in groups of this 
size. 

It -hould also be noted that the total 
incidence observed for cancer of all sites 
(including skin cancer) is 18, whereas the 
expec-ed number using control rates is 17.6 
— almost identical! 

It s our feeling that these probability 
figures are useful in deciding whether or not 
there is really an increased incidence at a 
particular site or combination of sites. The 
calculation of an observed-expected ratio 1s 
grossly naisleading and inaccurate. It is mis- 
leadirg because it assumes that there is a 
real iacrease in incidence. It is inaccurate 
because it fails to take into account chance 
devia-ions. Considerably smaller rate in- 
creases than those expressed by the ratio 
could account for the observed incidence. 

If we accept the control rates as valid, 
the probability number tells how likely we 
are tc get as many (or more) cases as ob- 
served in a sample made up of a similar 
number of person-years. Roughly speaking, 
a prooability of 0.16 indicates a difference 
of abeut 1.0 standard error and a probabil- 
itv of 0.05 corresponds to a difference be- 
tweer observed and expected of about 1.7 
standard error. For mass survey samplings 
and biologic experimentation, a difference 
of 1.9 standard error is not significant, 
whereas 2.0 standard errors or more are 
statiscically significant. 


DISCUSSION 

The incidence of pelvic malignancy fol- 
lowinz trradiation for benign gynecologic 
conditions varies from series to series. The 
elusiweness of conclusions is due to the 
pitfaks inherent in mass surveys of this 
sort. First, a suitable contro! group is not 
available. The use of expected incidence 


5i 
rates in a general population such as that of 
Upstate New York is a compromise in that 
the group of patients under scrutiny has 
been selected because of a gynecologic dis- 
order. The ideal control group would be one 
in which a group of women with benign 
gynecologic lesions, uncomplicated by ther- 
apy for endometrial hyperplasia, was fol- 
lowed up to establish the rate of pelvic 
malignancy, Secondly, the limitations of 
any data are length and completeness of 
follow-up, both of which are less than ideal. 
Thirdly, menopausal menstrual disturb- 
ances may be predisposing factors for the 
subsequent development of malignancy as 
well as the indication for irradiation. 

In evaluating the data of the statistical 
analysis, the two critical aspects of the 
problem to be emphasized are the role of 
predisposing diseases and the role of ir- 
radiation in regard to the incidence of 
genital cancers. In addition, an evaluation 
of other pelvic and extrapelvic malignancies 
will be presented. 


THE ROLE OF PREDISPOSING DISEASE 

1. Significance of Endometrial Hy perpla- 
sia. The significance of this disorder in caus- 
ing cancer must be carefully weighed. Ran- 
dall'* found that women with a history of 
menorrhagia during climacteric have a three 
and one-half times greater chance of devel- 
oping uterine fundal cancer than do the 
women who experience no increased bleed- 
ing prior to cessation of their menses. Cors- 
caden ef al! and Stander'® noted that the 
number of cases of endometrial cancer in 
their studies exceeded the expected number 
by a factor of 3 to 4 and concluded, as did 
Randall," that this reflected a predisposition 
of these patients to develop cancer and that 
radiation per se is not an etiologic factor. 
Novak and Yui® referred to the endo- 
metrial hyperplasia as a process possibly 
preceding malignant change in the endo- 
metrium. Hertig and Sommers? concluded 
that cystic hyperplasia rather than adenom- 
atous hyperplasia was an important pre- 
cursor to cancer, though both were predis- 
posing conditions. In another series,” gen- 
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eralized hyperplasia was more predominant 
than cystic or interstitial hyperplasia in 
accounting for the majority of cancer cases. 

2. Significance of Fibroid Uteri. Fibroid 
uteri were the next largest group in our 
series. The incidence of adenocarcinoma in 
myomata uteri is the same as that for non- 
mvomatous uteri according to Randall." 
This has been confirmed bv other authors, 
and ranges from 1 per cent to 2 per cent. 
Only r patient in our entire series who was 
irradiated for mvomata later developed an 
endometrial lesion, for a 1.0 per cent occur- 
rence rate. 

3. Excessive Estrogen Secretion. Excessive 
estrogen stimulation in menopausal ir- 
regularities is well known and underlying 
ovarian pathology may be present. Estro- 
gen secreting tumors are frequently asso- 
ciated with adenocarcinoma of the uterus. 
The incidence of ovarian carcinoma may, 
in part, be accounted for on this basis since 
it is a more difficult area to examine ade- 
quately from a histologic viewpoint than 
the endometrium or cervix, which are 
readily available for biopsy. 

4. Endocrine Imbalance. Estrogen with- 
drawal induced by radiation. menopause 
may upset the anterior pituitary feed-back 
mechanism and lead to periods of pro- 
longed pituitary stimulation of the endo- 
metrium and ovaries. This may in turn re- 
sult in successive morphologic changes end- 
ing in cancer, according to Hertig and 
Sommers? 


THE ROLE OF IRRADIATION 


1. Animal Experimentation. In alluding 
to Furth's* concept of neoplasia as an un- 
restrained growth, it is worth emphasizing 
that irradiation may not only be a mutat- 
ing factor in direct permanent alteration of 
cells but may also act indirectly on extra- 
cvtogenic forces which may lead to de- 
rangement of the balance between endo- 
crine organs. There is evidence to suggest 
that this latter factor may be more impor- 
tant in ovarian tumorogenesis. 

Irradiation of the pelvis in an attempt to 
induce carcinomas has been undertaken in 
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mice and rats. Furth* has stated that three 
basic factors are operating in ovarian 
tumorogenesis: (1) increase in gonado- 
trophes due to ovarian atrophy, (2) failure 
of irradiated ovarian cells to regulate the 
activitv of gonadotrophes, and (3) dis- 
organization of this organ initiated by in- 


jury of the ova. It is the disappearance of 


when 
the hormonal status is altered 
in turn, creates a sensitive state 


the ova which hastens senescence; 
this occurs 
and this, 


for tumor development. Administration of 


estrogens or protection of one ovary re- 
duces the incidence of ovarian tumors. 
Uterine tumors have been induced by 
gamma ravs in rabbits bv Lorenz but their 
dun has not been determined. 

2. Low Dose versus High Dose Irradiation. 
The meaning of low dose and high dose ir- 
radiation in regard to carcinogenesis has re- 

ceived some attention in the literature. The 
finding that the development of cancer was 
greater in the low dose irradiation group 
has suggested to the Roswell Park Memo- 
rial Hospital investigators a growth stimu- 
lating factor of roentgen rays. This 1s prob- 
ablv not entirely accurate but has some 
validity in that reaction to radiation injury 
leads to hyperplasia and then to neoplasia, 
which may not occur after high doses; 7.e., 
a large dose of radiation may eliminate the 
regenerative capacity of tissues completely. 
Ovarian tumors seem to have a threshold 
level (600 r) which is at the point of cessa- 
tion of function. 

The Time Lag. The time lag of five to 
twenty years has been mentioned by 
Palmer and Spratt® as a factor favoring 
radiation as the inciting cause of carcino- 
genesis. Unfortunately, there are few 
studies of the endometrium prior to the de- 
velopment of adenocarcinoma in uncompli- 
cated cases. Hertig and Sommers? report 
that the highest incidence of cystic hyper- 
plasia was found up to thirteen years be- 
fore the development of carcinoma, whereas 
adenomatous hyperplasia was noted one to 
thirteen vears before the diagnosis of car- 
cinoma. This compares reasonably well 
with the average time interval of eight 
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Sil 


years after irradiation and in and of itself 
consti utes no evidence in support of the 
theory that radiation rather than the under- 
lying pathology is the cause of the carcino- 
genesis. 

4. Protective Effects. It is again worth 
mentieming that the only sizeable series in 
which there was an attempt to present a 
contrd group was that of Crossen and 
Crossen? The fact that the incidence of 
both evarian and endometrial cancer was 
significantly lowered in irradiated, as op- 
posed to nonirradiated, patients cannot be 
lightly dismissed. Rather, it emphasizes the 
need zor similar controlled studies which, 
unfortunately, are most difficult if not im- 
possibse to obtain. 


GYNECOLOGIC VERSUS OTHER 
PELVIC VISCERAL CANCERS 

The gynecologic cancers have been ade- 
quatey analyzed as to cervical, endo- 
metriek and ovarian neoplasms. Vaginal 
and velvar lesions were absent in our series. 
The unusually high incidence of vaginal 
carcinoma found by the Roswell Park 
Memcrial Hospital group? may be due to 
the low expected incidence figure or to the 
inclusa of metastatic lesions as primary 
cancers. This is seen in both their high and 
low dese category and is the only series of 
cases chat shows this pattern. 

An unexpected finding in our series was 
the 4 cases of colon carcinoma (excluding 
the 1 case which developed two months 
after @radiation). Three of these cases were 
in the sigmoid colon and 1 in the cecum; 
both segments are close to if not in the pel- 
vis. No bladder carcinoma was found. The 
other series of lower bowel carcinomas are 
those of Corscaden ef af, Stander!? and 
Palmer and Spratt.'? Stander!? did not feel 
that -he observed number exceeded the 
anticioseted number by any significant de- 
gree. lt is of particular interest that 
Palmer and Spratt's report? listed 7 rectal 
but n» colon cancers. Since virtually everv 
other category of pelvic neoplasia was 
high, this absence of a single case of colon 
neoplasm points up the difficulty in draw- 
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Tase V 


SUMMARIZED COMPARISON OF RESULTS GF LATE CARCINOGENESIS FOLLOWING PELVIC IRRADIATION 








Schmitz? 1 o o o 
Costolow? 3 I o o 
Corscaden et al 9 6 2 o 
Crossen and Crossen? 4 o 1 o 
Montgomery ef a. 9 2 1 o 
Hunter ef al 2 o I o 
Palmer and Spratt"? 29 it 8 2 
Stander? 14 o 4 o 
Rubin ef al. 3 1 3 o 

Total 74 21 20 2 





ing dogmatic conclusions about the sus- 
ceptibility of a specific anatomic site. 


EXTRAPELVIC TUMORS 


Extrapelvic lesions such as those of the 
lung and larynx represent isolated in- 
stances. Breast carcinoma was below the 
anticipated rate In the present series as well 
as in that of Palmer and Spratt who con- 
cluded that this showed that their series 
was not studied with prejudice and was not 
cancer prone. In Stander's study,'® the ex- 
pected number, except for breast cancer, 
was not encountered. There could be an 
argument for radiation menopause as a 
prophylactic measure against the develop- 
ment of breast carcinoma; however, this 
concept is neither credited nor discredited 
at the present stage of our clinical knowl- 
edge. 

Apart from the more recent studies, no 
mention is made of extrapelvic tumors. The 
finding of 1 or 2 cases in different cate- 
gories, where only a fraction of a case was 
expected, demonstrates one of the weak- 
nesses of utilizing an expected-to-observed 
ratio rather than a probability factor. 
Since patients do not enter as fractions, the 
finding of a single case may be four to ten 
times the control value which forms the 
denominator in the ratio. 


CONCLUSIONS 


In concluding this survey, two questions 


Corpus Cervix Ovary Vagina Vulva Bladder Colon Rectum Anus No, Per Cent 





r 
ie) 
I» 
o 
cs ta 
en 
)000 =mOrOO0 
+ at 
o o 


»"Oo--oooooo 
t2 1 

ba Go 

$ 


arise: 

(1) Has irradiation of benign gynecologic 
malignancies. resulted in the induction of 
peloic malignancies? All of the more care- 
fully documented series are presented in a 
summary form in Table v. Considering the 
total number of pelvic malignancies, the 
percentage incidence varied from 0.17 per 
cent to 8.4 per cent. This includes not only 
genital cancers but bladder, colon, rectal, 
and anal cancers as well. The last three 
series are highest in incidence and this may 
reflect the longer average follow-up, which 
exceeded ten years. If Palmer and Spratt,* 
with the lowest response rate to their ques- 
tionnaires (43 per cent), would include 
their whole series in the calculation, their 
percentage incidence would be 3.6 per cent, 
which is more consistent with the other two 
studies. 

The largest single group of late tumoro- 
genesis was endometrial carcinoma fol- 
lowed by ovarian and cervical carcinomas. 
The latter lesions, except in Palmer and 
Spratt's group, occurred as sporadically as 
vaginal and vulvar neoplasia. The opinion 
of most authors is that the predisposing 
condition rather than radiation per se is the 
etiologic factor in the gynecologic neo- 
plasms noted. From the figures in our. 
series, the same conclusion seems war- 
ranted. 


“In a personal communication, Dr. Spratt agreed with the 
validity of such re-evaluation of his report. 
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In contrasting the tabulated figures of 
Palmer and Spratt (Table vr) to those of 
Stander!? (Table vri), which have been re- 
evaluated as probability figures, the two 
horns of the dilemma are revealed. The two 
studies are quite comparable in that a 
similar number of patients (about 700) 
were followed for an average of seventeen 
vears, for approximately 12,500 patient 
years. The expectancy values were derived 
from the same source. In the Ann Arbor 
presentation, the probability for genital, 
pelvic, and combined genital and pelvic 
cancers is not considered highly significant. 
The Roswell Park Memorial Hospital ex- 
perience is highly significant in virtually 
every category, with each showing an in- 
creased finding of cancer. The present 
series. from Strong Memorial Hospital 
(Table i111) falls between these two reports 
in significance but is more comparable to 
the Stander results. The need for documen- 
tation of more experiences is readily ap- 
parent. 

(2) Should radiation therapy be aban- 
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LATE CANCER INCIDENCE IN THE PALMER 
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Ob- 





i " Proba- 
Site 4 Expected m 
served bility 
G Er 
Corpus 29 4.86 0.001 
Cervix lI 6.53 0.040 
Ovary $ 2.58 0.008 
Vagina 2 0.17 0,020 
Vulva 1 0.33 O. 300 
Total Genital 5i 14.47 «0.0001 
Pelvic 
Bladder 3 o.82 0.05 
Colon o 3.70 
Rectum 5 Sed 0.0! 
Total Pelvic 19 6.63 0.24 
Total Genital and 
Pelvic 61 21.10 «0.0001 
Breast 10 14.30 O.9T 
Conclusion: Hen ly significant 
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LATE CANCER INCIDENCE IN THE ST 








2 1 (p bac 
Site Observed — Expected 
bility 
Genital 
Corpus 14.0 4.3 0,001 
Cervix 0.0 6.7 1.00 
Ovary 4.0 3 0.38 
Vaginc 0.0 0.2 1.00 
Vulva 1.0 O.4 0.33 
Total Genital 19.0 14.7. 0.16 
Pelvic 
Bladder o.o o.8 1.00 
Colon 4.0 B3 O.61 
Rectum 3.0 2.2 O.358 
Total Pelvic 7.0 6.7 0.51 
Total Geni and 
Pelvic 26.0 21.4 0.20 
Breast 9.0 13.6 0.91 


Gone IIS Not t highly signihcant 


doned tm treating benign conditions? In re- 
gard to benign gynecologic conditions, one 
must weigh the success as well as the 
morbid ty and mortality of surgical pro- 
cedures against that of radiation therapy. 
It mus- be appreciated that the mortality 
from anesthesia and surgery is as high as 
that of Inte carcinogenesis. Montgomery 
et al.” in analyzing their experience felt that 
the risks with radium were less than those 
with surgery. The complications of benign 
conditions, though not lethal, can be debili- 
tating imc distressing and are difficult to 
weigh against the morbidity associated 
with treatment. This is particularly true 
when the complication percentage figures 
are so small. Few procedures are without 
risk in nedicine but it is essential to estab- 
lish these risks. 

As surgery, anesthesia, and pharmaceuti- 
cals impreve, radiation therapy will be used 
less and less for benign lesions. It should 
not be che fears but rather the facts which 
direct treatment plans. At present, the 
uncertainties raised by the question of late 
carcinogenesis have led, in part, to con- 
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servative policies with more rigid criteria 
for radiation therapy in benign gynecologic 
lesions. The final decision in each case must 
be made bv the referring physician and the 
radiotherapist. The answer will depend on 
their experience and philosophy, since no 


consistent conclusion 


is available in. the 


literature. 


Philip Rubin, M.D. 
Department of Radiology 
Strong Memorial Hospital 
260 Crittenden Boulevard 
Rochester 20, New York 
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THE TREATMENT OF ANAL CARCINOMA 
BY INTERSTITIAL IR3ADIATION* 


By J. E. DALBY, M.A, M.B., B.CHIR,, EER, and 


R. S. POINTON, MA, 


MANCHESTER, ENGLAND 


CNG of the anus is an uncommon 
lesion and the problems associated 
with its management are somewhat over- 
shadowed bv those of rectal cancer. Treat- 
ment by interstitial irradiation has been 
widely practiced and at the present time, 
when supervoltage equipment is increas- 
ingly available, it is interesting to consider 
the results of treatment by this method. 


CLINICAL MATERIAL 


Cases Studied. At the Christie Hospital & 
Holt Radium Institute, from 1932 to 1955, 
171 new cases were seen. This represents 
0.2 per cent of all previously untreated 
malignant cases registered, and a rate per 
million of 1.8. The latter figure is low, as it 
is arrived at by consideration only of the 
number of patients referred to this hospital 
(in a region with a population of four and 
one-half million), and therefore takes no 
account of possible cases reterred to other 
hospitals in the area. Roux-Berger and 
Ennuver* reporting from the Fondation 
Curie stated that, out of 10,000 patients, 
0.58 per cent had true anal lesions. 

Of the 171 cases comprising the present 
study group, 34 were considered to be so 
treatment was 
possible; 31 cases were referred for surgery; 
and 106 cases were treated by irradiation. 
It is this latter group with which this paper 
is mainly concerned (Table 1). 

Sex Incidence. McQuarrie and Buie’ and 
Murphy? found a higher incidence of the 
disease in females; on the other hand, 
Sweet's’ series of 77 cases contained more 
males, and Gabriel? reported an equal sex 
distribution. In this series, there are 102 
males and 69 females—a ratio of almost 
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CANCER OF THE ANUS 

1932-1983 
Numoer of Cases Reviewed iri 
Cases Referred for Surgery 31 
Cases Tc» Advanced for Treatment 34 
Cases Lof 


ited by Irradiation 


Age Tre average age at the date of first 
examiaation was 64 vears, which concurs 
with cther published figures, viz., Gabriel,’ 
61.7 vzars and Williams,’ 62 vears. 

Hisotzmy. Cancer of the anus arises both 
in the vxlified squamous epithelium of the 
anal margin and lower anal canal below the 
pectinare line, and in the cuboidal epi- 
thelium lining the canal between the 
pectinate line and the anorectel ring. (This 
latter t::sue may indeed also be modified 
squamous epithelium, as suggested by 
Goligher, Leacock and Brossy.?) The distri- 
bution of histologic types in the 106 
cases created by irradiation is shown in 
Table 1 

Site. ít is usual to consider cancer of the 
anus zs arising in either the anal canal 
proper cr at the anal margin; in this largely 
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FREQ Jescy DISTRIBUTION BY HISTOLOGIC TYPE 


Histology | No. of Cases 


mas~-Squamous Cell 





i 9o 

Transitional Cell ! fy 

Basal Cell | 1 
Basi-squamous Cell. | i 

Not Apparent | 2 
No Section Taken | 6 
10b 





* From the Christie Hospital & Holt Radium Institute, Manchester, England 
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| male 
ee mm a 
Anal Masgin | 4 | 28 | 1 
Anal Margin and Canal | 48 38 |) 10 
Anal Canal bPo3l 16 | 17 
| 20 | 29 


Anal Canal and Rectum 49 | | 
lepine data pd yw EPICURUS SORT DN : m ee E t 
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CLINICAL STAGING OF 98 HISTOLOGICALLY 
PROVED TREATED C/ S 








Clinical Sta ige 











wi |] “| 

Site | | Moder | Ad 

| Early | ately Ad. | ^7 

| | vanced (vanced 

Anal Margin br | 9 4 

Anal Margin and Canal | 9 13. ] 10 

Anal Canal | 7 3 | to 

Anal Canal and Reema um | — | 16 
m | 
Total NY | 


retrospective study, however, it has not 
been possible to be so exact and the cases 
have been placed in four groups (Table 
ur). This division has proved to be of some 
prognostic value, as will be seen later. It 
also confirms the belief that cancer of the 


anal margin is more common than cancer of 


the anal canal in males; the difference is, 
however, by no means as striking as in 
other reported series, such 
Gabriel? 

Stage of Disease. There is no generally 
accepted method of clinical staging in 
cancer of the anus. In this series, cases have 
been classified as early, moderately ad- 
vanced or advanced, according to the site 
of the lesion and the local metastatic spread 
(Table iv). 

An interesting fact which emerged here 
is that the females presented at a later 
stage than the males. Of the 98 histologi- 

cally proved treated cases, 54.5 per cent of 

the female group were classified as ad- 
vanced compared to only 3; 


J. E. Dalby and R. S. Pointon 






as that of 


3.8 per cent of 
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the males. This is due—in part at least— 
to the prevalence of cancer of the anal 
margin in males; it is a visible and easily 
palpable lesion which is likely to be noticed 
by the patient at a relatively early stage. 


TREATMENT 

The Primary Lesion. There is no general 
agreement on the treatment for cancer of 
the anus; some authorities advocate sur- 
gery, others radiation therapy. Surgery, 
though of potentially high curative value, 
necessitates in most cases a permanent 
colostomy, which is distressing to the 
majority of patients. Successful irradiation 
results in normal function and is, therefore, 
preferable whenever possible as the first 
treatment in cases of limited size, with 
surgery reserved for possible future use. 

Squamous cell carcinoma of the anus of 
small or moderate size is curable bv irradia- 
tion; it is, however, a tumor of limited 
radiosensitivity and this fact, added to the 
knowledge that the tissues of the perineal 
region are notoriously intolerant to high 
dose irradiation, means that great care 
must be taken in planning treatment. Ex- 
ternal irradiation to radical dosage results 
in a reaction which is extremely painful 
and, if taken to curative levels, carries a 
high risk of tissue necrosis. Williams? 
reported 23 cases of carcinoma of the anal 
canal treated by supervoltage roentgen 
therapy of which 5 developed serious radia- 
tion necrosis. 

We consider that, as will be shown later, 
the results of interstitial irradiation justify 
this as the method of choice for limited 
anal lesions. In the case of extensive lesions 
— and these include most of our 49 cases 
classified as anal canal and rectum carci- 
nomas—-radiation therapy will almost cer- 
tainly fail and will seldom produce worth- 
while palliation; an increasing awareness of 
this has resulted in fewer such cases being 
treated in this hospital in recent years. 

The majority of the interstitial treat- 
ments consisted of single plane and two 
plane implants; occasionally, particularly 
in the earlier years, volume implants were 
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Fic. 1. Single plane radium needle implant, lateral view. 


performed for rather large lesions and were 
sometimes combined with intracavitary 
radium. Most of these latter cases did badly 
and the method has fallen into disuse, 
though not, perhaps surprisinglv, because 
of a high incidence of necrosis, but rather 
because of its inability to cover adequately 
the whole tumor area. 

For small unilateral lesions a single plane 
implant is employed, aiming at a dose of 
6,000 r, in seven days (Fig. 1). For thicker 
lesions, or those involving both sides of the 
anus, a two plane implant is necessary; 


the dose should not be more than 4,500 r, 





in seven davs (Fig. 2, Æ and 5). 

Lyrig4. Node Metastases. The lymphatic 
drainage of the anal margin and canal is 
predorinantly to the superficial inguinal 
lymph nodes, though some of the upper 
lymphatics of the canal drain directly to 
the ancrectal or hypogastric lymph nodes.! 
Of the o8 histologically proved cases in 
this sertes, 24.5 per cent had clinically 
significar t lymph node involvement in the 
inguiral region within three months of the 
first examination and the incidence by site 
is shown in Table v. In 2 cases, both groins 
were involved. 





Fic. 2. Two plane radium needle implant. (4) Latera. ew and (B) anteroposterior view, 
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LYMPH NODE INVOLVEMENT IN 98 CASES WITHIN 
THREE MONTHS OF FIRST EXAMINATION 











Cases with 
Lymph Node 
Site No. of | Involvement 
Anal Margin 
Anal Margin and Canal 
Anal Canal 
Anal Canal and Rectum 











Mobile involved inguinal lymph nodes 
are best treated by block dissection of the 
groin. The results of irradiation are so poor 
that this method should never be preferred 
to surgery in potentially curable cases; it 
is indeed very doubtful if the treatm=nt of 
even inoperable lymph node involvement 
by irradiation achieves any palliation in a 
sufficient number of cases to justify its use. 


MANAGEMENT 


The management of the patient pr-or to, 
during and after implantation of radium 
is very important and we have thought it 
worthwhile to describe the routine care of 
a case as undertaken at this hospital. 
Admittance is arranged three days »efore 
the implantation is to be done. The patient 
is given a very light diet and an aperient 
is administered on the first evening, fol- 
lowed by enemas on the second and third 
days, with a final bowel washout the after- 
noon of the third day. The night >efore 
operation, the patient is given 30 min. tinct. 
opii and on the morning of operation this 
is repeated; during the first six days of a 
seven day implant, 20 min. tinct. opii is 
administered twice a day. With this regime 
it is nearly always possible to keep the 
patient constipated throughout the time 
the radium needles are in position. On the 
seventh day and the day following removal 
of the radium needles, the patient is 
given petrol agar twice daily. This usually 
results.in a resumption of normal bowel 
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habit—if not, a glycerine suppository is 
given. 

The patient is nursed on the side with a 
thin pillow between the knees and anal 
swabbing with a bland solution such as 
sodium bicarbonate is carried out up to 
three times daily; an antibiotic is not 
routinely given. After removal of the 
radium needles, the patient is given a bath 
twice daily, with swabbing of the perineum 
after each bowel-action. The length of time 
spent in the hospital is three to five weeks 
depending on the size of the implant and 
the severity of the reaction. It is essential 
to instruct the patient in the importance 
of regular bowel movement—so often there 
is a tendency to constipation because of the 
discomfort following treatment, and petrol 
agar is often necessary for some time. If 
control of defecation is good prior to treat- 
ment, there 1s usually no reason to expect 
deterioration afterwards. 


COMPLICATIONS 


Local tissue necrosis is the complication 
to be feared after irradiation of anal cancer. 
Of 98 histologically proved treated cases 
available for three year follow-up, 23 (or 
23.4 per cent) developed such a necrosis. 
Of these, only 10 were of a serious nature, 
6 requiring colostomy and 4 excision. The 
remainder healed satisfactorily after a 
period of nursing sometimes combined with 
light diathermy. Anal stricture of a marked 
degree occurred in only 1 case. 


RESULTS 


Of the 106 cases treated by irradiation, 
6 were regarded as incurable from the 
beginning and received only palliative 
treatment; these cases have been excluded 
from the series when assessing results. Also 
excluded are 8 cases not histologically 
proved. For analysis there are 92 cases and 
the survival at three, five and ten years is 
shown in Table vr. 

In a series containing a high proportion 
of old people, which is the case in cancer of 
the anus, some form of corrected rate is 
desirable, since deaths from causes other 
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SURVIVAL RESULTS OF RADICAL TREATMENT 





| Survival 
Inter- || Nop Ja ee 
val of : . Crude Age Cor- 
(yr.) | Cases NO. of | Rate rected Rate 
i i ; Survivals : \ 
i ! (per cent) | (per cent) 
3 92 46 $0.0 [emu 
5 8s jo GEO f oc | Mu 
10 61 | 17 27.9 | 50.7 


than cancer of the treated site occur at an 
accelerated rate as the after-treatment 
interval lengthens. 

'The age corrected method of calculation 
first suggested by Berkson in 1942, ap- 
proved by the World Health Organization 
Sub-Committee on Registration of Cancer 
in 1950 and discussed and applied in the 
Third Statistical Report from the Christie 
Hospital & Holt Radium Institute in 1950 
has been used zo correct for the number of 
deaths that would be expected to occur 
under prevailing conditions of mortality in 
a population having the same sex and age 
distribution as the treated series. This rate 
may be expressed as: 


S.R. semis = Number alive and treated after 7 years 





E ‘xpected number of survivors after H years 


The results analyzed by site and stage 


are shown in Tables vit and viri. Cancer of 


the anal margin has the best prognosis; 
metastatic spread to lymph nodes is uncom- 
mon and the highest percentage of early 
cases was found in this group. However, 
with such small numbers of cases, the dif- 
ference in percentage survival is not satis- 
tically significant. Study of those cases 
either presenting with clinically evident in- 
volvement of inguinal lymph nodes or 
developing it within three months reveals 
that all but 2 of the cases are dead: 8 further 
cases developed metastatic lymph nodes 
later, and none survived. It is evident that 
the prognosis of cases with regional lvmph 
node deposits is extremelv poor. 

Surgery for residual or recurrent cancer 
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FIVE YESE SURVIVAL RESULTS ANALYZED BY SITE 
Survival] 
. No. of | … . Age Cor- 
Site os 1 Now of 
Cases : rected 
Sur. 
os Rate 
vivals |, ` 
tU? (per cent) 
Anal V arg n 20 3 Ig f 63.4 
Anal Margin and Canal 31 14 |) 53.2 
Anal Ca Ig 6. d 42: 
Anal Ca 27.2 


and Rectum 13 3 
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DAR SURVIVAL RESULTS ANALYZED BY STAGE 


Survival 


Clin ca No. of Die Correct- 
Staze Cases No.of 45 i Rate 
Survivals (per cent) 
Early al 19 | 72.2 
Moders te! y 
Advence:d 20 LI 64.8 


Late 34 o 24.3 


was uadiertaken in 21 of the 92 radically 
treated ezses, and 13 of the 21 are alive and 
well three vears later. 


CONCLUSION 


Treatment of cancer of the anus by inter- 
stitial irradiation, with surgerv in reserve, 
has vxlded a five year corrected survival 
rate of 41.2 per cent. This has been 
achieved in the majority of cases with the 
preservation of normal function, and with 
careful planning the complications have not 
been severe. For early and moderately 
advanced lesions, radium | implantation 
provices a satisfactory method of treat- 
ment. 


SUMMARY 


There were 171 cases of cancer of the 
anus seem at the Christie Hospital & Holt 
Radium Institute from 1932 to 1955 and 
these are reviewed. Treatment bv intersti- 
tial irradiation, with surgery in reserve, has 
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been employed in the majority of cases and 
the results of this treatment are presented. 


J. E. Dalby, M.B. 

Christie Hospital & Holt Radium Institute 

Witnington 

Manchester 20, England 
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LYMPHOSARCOMA: SURVIVAL AND THE 
EFFECTS OF THERAPY* 
By SAUL A. ROSENBERG, M.D., HENRY D. DIAMOND, M.D., and 
LLOYD F. CRAVER, M.D. 


NEW YORK, NEW YORK 


HE therapeutic regimen of choice for 

patients with lymphosarcoma is pre- 
dominantly that of radiation therapy. This 
has been true for many years and has 
remained so despite the initial impression 
that alkylating agents, anti-metabolic drugs 
and adrenal steroids might be more valu- 
able in the control of the disease! * 16.11.2539 
In order to arrive at such a conclusion, it 
has been of benefit to objectively review 
the therapeutic results over a period of 
years at one institution. 

Over a thirty vear period numerous pa- 
tients with lymphosarcoma have been 
treated at the Memorial Center for Cancer 
and Allied Diseases. Histologic criteria for 
diagnosis have been strict and constant? ^5: 
30 The experience has been that of one 
institution, largelv under the direction of 
one physician (L.F.C.), and has recently 
been critically reviewed.” 

This report presents the information 
derived from this analysis as it pertains to 
the effects of therapy and survival. Data 
describing the histologic classification, tran- 
sitions of the disease, and age and sex dis- 
tribution of the group will also be pre- 
sented. 


MATERIAL 


Case selection. All hospital and out- 
patient records from 1928 to January 1, 
1958 bearing the diagnoses of lymphosar- 
coma, reticulum cell sarcoma or giant 
follicular lymphosarcoma were carefully 
studied. To allow at least a five vear period 
of follow-up, only those patients whose 
clinical onset of disease occurred prior to 
January 1, 1953 were included in this 
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HISTOLOGIC TYPES OF LYMPHOSARCOMA 
(1,269 CASES) 





Giant Follicular Eymphosarcoma.. 





162 

Lympl $53 
Reticu 554 
Total ‚269 


analysis. A total of 1,635 charts were re- 
viewed. Of these, 366 were excluded, usu- 
ally because of the lack of conclusive tissue 
examination at this institution or because 
of obvious lymphatic leukemia at the first 
visit. 

The remaining 1,269 cases comprise the 
study group, material from which will be 
presented in this report. This group in- 
cludes not only cases designated and filed 
as generalized lymphosarcoma, but also 
those cases which could be located under 
lymphosarcoma filed under such regional 
classifications as malignant lesions of the 
tonsil, stomach, bone, skin, mediastinum, 
etc. 

HISTOLOGIC CLASSIFICATION 

The histologic classification of these 
tumors is not uniform, not only from insti- 
tution to institution, but also from pathol- 
ogist to pathologist within one institution 
and probably also for the same pathologist 
over a period of years.!9712.16.21 25.32.38 There- 
fore, we have chosen to utilize the general 
subdivisions shown in Table 1.* 5393? These 
diagneses were either rendered by a senior 
member of the Pathology Department of 
Memorial Center or were accepted after 
review by Drs. John Berg and Stephen 
Sternberg. 


* From the Lymphema Service, Department of Medicine, Memorial Center for Cancer and Allied Diseases; the Lymphoma Section 
of the Division of Clinical Chemotherapy, Sloan-Kettering Institute for Cancer Research; and the Department of Medicine, Cornell 


University Medical College, New York, New York. 


Supported by the Lloyd F. Craver Fund of the Memorial Center for Cancer anc 
Presented at the Forty-second Annual Meeting of the American Radium Societ 
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San Juan, Puerto Rico, March 17-19, 1960. 
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Fic. 1. Age and sex distribution of 1,269 
cases of lymphosarcoma. 


AGE AND SEX DISTRIBUTION 

The diseases are more frequent in males 
than in females in all age groups, the aver- 
age ratio being 1.7 to 1.0. Figure 1 shows 
the age and sex distribution of the entire 
group. The age range, at the time of the 
clinical onset of the disease, extends from 
22 months to g2 vears. The greatest number 
of cases is seen during the fifth decade of 
life and the median age for the entire group 
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Fic. 2. Relative incidence of 1,269 cases of lympho- 
sarcoma. (Rates are arbitrary based on the United 
States census taken at the approximate midpoint 
of this stud v.) 
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is 49.7 vears. Figure 2 shows the relative 
incidence of disease, relating the number of 
cases to the United States population 
figures for the approximate midpoint of the 
study and demonstrating the increasing 


oldest age group. 


TRANSITIONS TO LEUKEMIA 


There is much confusion and disagree- 
ment concerning the interrelationships 
between these tumors of lymphoid origin 
and lymphatic leukemia.*975253255 Such 
terms as leukosarcoma, leuko-lymphosar- 
coma, lympho-leukosarcoma and reticulum 
cell leukemia have been proposed for the 
frequent, apparent leukemic transforma- 
tions occurring in this group of diseases. 
These terms are meaningful chiefly to those 
who have defined them and there is little 
uniformity of usage. The therapeutic impli- 
cations, however, of the generalization of 
the disease as manifested bv a leukemic 
change make it necessary for the physician 
to recognize such a transformation. It is the 
recognition that this transition can occur 
which is important, rather than the name 
applied to it. 

As indicated bv Table i1, 7.6 per cent of 
the total group demonstrated leukemic 
changes. This occurred more often in chil- 
dren than in adults. The change was seen less 
often in reticulum cell sarcoma than in the 
other histologic categories. Acute blastic 
leukemia was seen only 10 times, and with a 
higher incidence in children than in adults, 
the adult disease more often being chronic 
lymphatic leukemia. There is a group of 
patients who show atypical leukemic pic- 
tures, often with recognizable sarcoma cells 
in the bone marrow and peripheral blood. 
The definition of this group is an arbitrary 
one and we have used the term leuko- 
lymphosarcoma for this category. 

RESULTS OF THERAPY 

The value of radiation therapy in the 
treatment of patients with lymphosarcoma 
is well established.?5.599 The comparative 
radiosensitivity of these tumors generally 


Vor. 8$, No. 3 Lymphosarcoma 6:525 


Taste IT 


FREQUENCY OF LEUKEMIC CHANGES IN PATIEZTS PRESENTING INITIALLY 
WITHOUT LEUKEMIC CH 














Leuko- 











| | A | Chronic | 
| | Acute — | emphatic i lympho- | Total 
| No. of Leukemia | kemia | sarcoma | 
Initial Diagnosis DM i MB | 
g Cases e pe reel EN: Sess ee 
Per E Per | x Per | y Per 
| Ne M iN IN 
„NO, ` IELE ~ I iNO. ~ 1 NO ^ 
| Cent Cent | Cent | Cent 
Giant Follicular Lymphosarcoma 162 | 2 1.2 | § 3.I | 7 4.3 14 8.6 
Lymphosarcoma $53 | 6 I.I | 28 4.5 | 39 3:0 70 12.6 
Reticulum Cell Sarcoma $54 | 2 O4 | 4 07 | 7 1.3 13 2.4 
more ——————€— — € | - Kr i ids [7 cen —— 9 2 
1,269 | io o.8 | 34 2.6 | $3 97 5.6 
EC MP E ES B " TENES | THES Ursinus 
Children | 69 | 5 7.2 e o,o | 4 5.8 
Adults | 1,200 | § O.4 | 34 2.8 | 49 4. 





permits some degree of symptomatic im- 
provement, but it is not known whether 
this treatment has significantly prolonged 
survival. 

Many other agents have been used and 
some have received enthusiastic support. 
At intervals, interest has been renewed in 
the possibility of surgical cure in certain 
localized forms of Ivmphosarcoma.* 915.29 

It is difficult to compare the results of 
different forms of treatment in a chronic 
disease which has a highly variable natural 
history and for which there is no cure. No 
studies have been reported, nor is the pres- 
ent review an example, of a randomized, 
well-controlled, concurrently running anal- 
vsis and comparison of different therapeu- 
tic regimens. However, an attempt has been 
made to studv the therapeutic results ob- 
served during the thirty vear period of this 
review. 

Figure 3 shows the results obtained with 
the five agents used most frequently during 
the period of this study. By "complete" 
response is meant complete freedom from 
grosslv detectable disease for a period of at 
least one month after the completion of, or 
while receiving, therapy. All other instances 
of objective regression, lasting for a period 
of at least one week without concomitant 
spread of disease eleswhere, were classified 
as “partially” benefited. If systemic ther- 











apy was eiven with irradiation, benefit was 
not attributed to the drug unless areas of 
disease &ot treated with radiation showed 
improvement. 


RADIATION THERAPY 
FIRST COURSE (1102) 
18,4% 
j 2,1% 
SECeN COURSE (766) 
71.3% 
2.5% 


ALKYLATING AGENTS 
FIRST COURSE (326) 
19 


3% 
10.7% 


SECeN COURSE (157) 
FTIA 10.8% 
El 12.1% 


VANTI-METAEGEIC DRUGS" 
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Eee 
2.4% 


ADRENAL sTER@IDS and/or ACTH 


(138 


2 8.9 h 
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RADIOACT VE PHOSPHORUS 
gu 


ga 
122.8* “Complete Partial* 
OBJECTIVE BENEFIT NENNEE/777722 


SUBJECTIVE BENEFIT, ONLY LLL 


Partial response -- — objective decrease in size of tumor, sustained for 
a minimum of one week, without spread of disease 
elsewhere 

"Complete" response--absence of all palpable or visible evidence for a 


minimum of one month. 


Frs. 3. Analysis of response to treatment 
of lymphosarcoma. 
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RADIATION THERAPY 


The first course of radiation therapy 
resulted in objective improvement in 78.4 
per cent of the 1,102 patients treated; in 
over 20 per cent the benefit was classified 
as "complete." The second course of 
therapy gave almost equal resul-s. In 
general, the same degree of response noted 
during the first course of radiation therapy 
was observed after the second. In most 
cases, the usefulness of radiation therapy 
was eventually limited by the generalized 
spread of the disease, by increased radio- 
resistance of the tumor, and dimiaished 
tolerance of the patient. 


ALKYLATING AGENTS 


Since the early 1940's, nitrogen mastard 
and related drugs have been extersively 
employed in patients with tumors of 
lymphoid origin.5:15:18 Though several ex- 
perimental agents were used in this series of 
patients, the great majority received either 
HN-2 (methyl-bis[beta-chloroethyl|-zmine) 
or TEM (triethylene melamine). 

Objective benefit, not attributable to 
simultaneously administered radiatian, was 
Observed in 19.3 per cent of patients after 
the first course of treatment, and in 10.8 
per cent after the second. In only 2 in- 
stances did this improvement meet the 
criteria of complete benefit. 


ANTI-METABOLIC DRUGS 


A total of 41 patients of this group re- 
ceived various folic acid or purine antago- 
nists. Objective benefit, partial onlz, was 
recorded in 29.3 per cent. Ten patients had 
leukemic changes before the use o? anti- 
metabolic drugs. Seven of the ro d:d not 
respond; the remaining 3 had a part al im- 
provement. 


ADRENAL STEROIDS AND ACTH 


Soon after it became known that stimu- 
lation of the adrenal gland or the adminis- 
tration of adrenal steroids had a dele-erious 
effect on lymphatic tissue, these agents 
were used in the treatment of lymrhosar- 
coma, with reported benefit in some pa- 
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tients.* In addition to their effects on the 
tumor, these agents may achieve symp- 
tomatic improvement, albeit temporarily, . 
by suppressing pain and fever and by 
restoring in some measure lost weight, 
strength and a sense of well-being. 

One hundred and fifty-eight patients 
received this type of therapy, the majority 
since 1950. Many of these patients had 
advanced disease and had received several 
courses of radiation therapy and antitumor 
chemotherapy. Though further chemo- 
therapy in such cases was often contra- 
indicated by hematopoietic depression, 
some form of treatment was demanded 
by continuing or recurrent constitutional 
symptoms. Adrenal steroids and ACTH 
were used most often in such patients in an 
attempt to improve the quality of their 
survival. In 8.9 per cent, partial benefit re- 
sulted. This benefit was objective, but usu- 
ally brief, rarely lasting more than several 
weeks. 

The patient with lymphosarcoma who 
develops a frank hemolytic anemia may be 
materially benefited by the use of adrenal 
steroids and ACTH, and sometimes tempo- 
rary improvement is seen in the hemor- 
rhagic manifestations of patients with 
profound thrombocytopenia. 


RADIOACTIVE PHOSPHORUS 


The use of radioactive phosphorus in the 
treatment of lymphosarcoma initially re- 
ceived enthusiastic support, but it is now 
generally restricted to those patients show- 
ing the transition to chronic lymphatic 
leukemia.719:207: Seventy-one patients with 
lymphosarcoma were treated with radio- 
active phosphorus during the period of this 
study, 14.1 per cent showing objective im- 
provement. 


COMBINATION THERAPY 


In certain situations, the intravenous 
administration of a rapidly acting alkylat- 
ing agent immediately prior to radiation 
therapy is indicated. These are instances in 
which radiation therapy alone can aggra- 
vate the precarious state of patients with 
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CASES TREATED SURGICALLY 





















EE s Giant Follicular — Lympho- Reticulum ds 
Surgical Procedure iLymphosarcoma sarcoma Cell Sarcoma Total 
i 
Neck Dissection | 2 6 II 19 
Axillary Dissection 1 5 7 
Groin Dissection 1 1 2 
Supraclavicular Dissection I 1 
Gastrectomy 9 12 21 
Bowel and Lymph Node Dissection 2 3 5 
A-P Resection I 1 
Pelvic Exenteration 1 I 
Head and Neck Procedure 2 4 6 
Amputation LI 11 
Wide Skin Excision | 1 I 2 
md n T REPERE ECEE — m A Rm — En nin = NEN cant: A weiden wle bek, 
Total 22 76 


tumor compression of the superior vena 
cava, trachea or spinal cord. The alkylating 
agent seems to allow the use of larger and 
more frequent increments of radiation. 


RADICAL SURGERY 


We have evaluated the results of surgical 
attempts to eradicate lymphosarcoma. 
Such an evaluation should be interpreted 
with the realization that this is a retrospec- 
tive study. These groups were not ran- 
domly selected and undoubtedly are not 


entire y comparable. Surgical procedures 
were usually attempted for only very early, 
well-lecalized disease. Seventy-six such 
procecures were accomplished in this group 
of patents and are summarized in Table ur. 

Table tv compares the end results and 
five vsar survivals of these patients with 
those who had the same extent of disease 
treated by nonsurgical methods, predomi- 
nantly radiation therapy. These data indi- 
cate taat the nonsurgically treated group 
with Stage 1 disease did significantly better 
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COMPARISON OF RESULTS WITH SURGICAL AND NONSURGICAL MANAGEMENT 
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No. of Cases | 217 
% Treated with Surgery | 2466 
Surgery Other Therapy | Surgery | Cther Therapy 
ee EETA rales Pee ues ke ee 
No. of Cases | 52 165 | 23 

End Results (per cent) | 
Dead of disease 67.3 44.2 | 74.0 68.1 
Dead of ? 5.8 10.6 i 4.3 10.4 
Lost, with disease 5.8 2.4 | 0.0 4.6 
Lost, NED* ga 12.7 | 13.0 3.0 
Alive, NED* 13.5 21. | 8.7 5.6 

Five Year Survivals (per cent) 28.8** 52.25* | 13.0 23.9 











* Na evidence of disease for over one year. 
** P equals less than oor. 
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ANALYSIS OF CASES WITH RADICAL NECK DISSECTION 


Diagno- 





Case No. Age Sex A. Stage 
sis 
0734 41 M H 
1045 E M H 
1073 3 F I 
0329 49 M H 
1152 bo M I 
1146 i M H 
1164 50 M I 
o668 11 M II 
1166 52 M I 
o614 34 M ] 
obsy £1 F I 
1153 so F LSA I 
0932 $8 I GFLSA O 
1107 Ag M LSA I 
1239 $4 M RCSA I! 
IIIS 19 M LSA I] 
O961 40 M GESLA I 
1109 1d V RCSA I 
M 


1116 40 RCSA I 





* Operative mor 


Roent- Recur- 











gen rence Duration End Result 
Therapy  (mo.) may 

No Unknown j^ Dead of disease 

No 1 4 Dead of disease 

No l 4 Dead of disease 

No 2 5 Dead of disease 

No I $ Dead of disease 

Yes 2 10 Dead of dis 

Yes 8 13 Dead of d 

No 4 16 Dead of disea: 

No 9 16 Dead of disease 

No 10 (5 Dead of disease 

No 21 28 Dead of disease 

No Unknown 38 Dead of ? 

No 24 So NED** 

No E 88 Dead of disease 

No None 93 NED** 

Yes = 94 Lost, NED ** 

No None 168 NED** 

Yes jit 203 NED** 

Yes 6 291 


NED** 


lity and mortality, with hemorrhage, nerve injury and pneumothorax. 
** No evidence of disease for one year or more, at last evaluation. 


*** Second partial radical neck dissection on opposite side for recurrent tumor, with postoperative roentgen therapy. 
Note: RCSA reticulum cell sarcoma; LSA= lymphosarcoma; GELSA= giant follicular lymphosarcoma. 


than those treated with surgery. The data 
are less conclusive in the groups with Stage 
u disease, though the tendency is again in 
favor of the nonsurgically treated patients. 

The entire story, however, is nor told 
from the over-all survival figures. Table v 
lists the 19 patients who underwent radical 
neck dissections. Six patients of this group 
have survived for long periods without 
evidence of disease. Three of these patients 
received radiation therapy to the surgically 
treated area, postoperatively. Of this group 
of 6 patients, the disease recurred in other 
sites in 4 Instances from seven to twenty- 
four months after surgery. In 3 cases, radia- 
tion therapy has controlled the disease for 
periods of five to twenty-five years. The 
fourth patient underwent a partial radical 
neck dissection on the opposite side with 
postoperative irradiation and is now well 
over fifteen vears later. 

It is concluded from this analysis that 
radiation therapy remains the treatment of 


choice in this group of diseases because of 
the high degree of radiosensitivity of these 
tumors and the frequency of multicentric 
foci of lymphosarcoma in clinically well- 
localized disease. 


COMPLICATIONS OF THERAPY 


In the final evaluation of any therapy, 
the frequency of serious complications 
(Table vi) must be compared to the ex- 
pected frequency of benefit. 

Of the 1,102 patients who received radi- 
ation therapy, 21, or 1.9 per cent, developed 
severe complications. These were radiation 
osteitis, persistent and severe radiation 
pneumonitis and fibrosis, severe skin ulcer- 
ations requiring plastic surgical repairs, 
severe iritis and glaucoma and aggravation 
of tracheal and superior vena cava ob- 
struction. 

The use of alkvlating agents resulted in 
irreversible bone marrow damage in 3.1 
per cent of those who received these drugs. 
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In addition, 2 patients who received nitro- 
gen mustard developed severe uric acid 
nephropathy; t of these being fatal. 

Bone marrow aplasia was encountered in 
1 patient, or 2.4 per cent, of the group 
which received anti-metabolic drugs. An- 
other patient, who was given four courses 
of 6-mercaptopurine, developed jaundice 
with each course of treatment, and at post- 
mortem had extensive postnecrotic cir- 
rhosis without tumor. 

Adrenal steroids or ACTH were given to 
158 patients in this series. A total of 16, or 
10.1 per cent, developed complications 
thought to be directly related to this 
therapy. There were gastrointestinal ulcer- 
ations, usuallv unsuspected, overwhelming 
moniliasis or bacterial infections, moderate 
to severe psychoses, severe osteoporosis 
with fractures and aggravation of diabetes 
and congestive heart failure. These com- 
plications occurred despite the use of avail- 
able preventive measures. 

Ten, or 13.1 per cent, of the 76 patients 
who underwent radical surgery developed 
severe postoperative complications. In 8 
of these instances, these complications ap- 
peared to be the direct cause of death. 

Of the 71 patients who received radio- 
active phosphorus, 11, or 15.5 per cent, de- 
veloped irreversible bone marrow depres- 
sion or aplasia. 


END RESULTS AND SURVIVAL CURVES 


In order to evaluate the survival curves 
and to determine what differences, if anv, 
can be shown to exist between various sub- 
groups, the survival percentages have been 
plotted on log-probability paper, as shown 
in Figure 4. The data have been plotted as 
per cent survival after the clinical onset of 
disease as well as duration from the first 
Memorial Center visit. Plotted in this wav, 
these data are linear over a wide range 
about the median and allow a better esti- 
mate of the median duration of disease 
than would be available from the crude 
data. The level of significance of difference 
between the two curves can be determined 


by applving the "t" test to differences in 
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FREQUENCY OF THERAPY COMPLICATIONS 





No. of 








Complications 
Cases (per cent) 

T 1.102 
Alkylating Agents 326 
Anti-Metubolic Drugs 41 
Steroids and/or ACTH 168 
Radica Surgery 76 
p» Fi 
median survival, as determined from the 





ective data, that is, from the dura- 
tion of live after the first Memorial Center 
visit, 

Table vir shows the survival data for the 
various subgroups studied. All information 
was taken from survival curves as de- 
scribed above. The data from the clinical 
onset of disease shed some light on the 
natural history of lymphosarcoma in vari- 
ous settings. The data from the first 
Memorial Center visit are more accurate 
for stetistical purposes and are comparable, - 
one group to another. Yet, thev do not de- 
scribe the course of the disease, as the onset 
always antedated the first hospitalization 
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Fic. 4. Survival curves of 1,269 patients with lym- 
phosercema. (Plotted on log-probability paper.) 
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VARIOUS COMPARISONS OF SURVIVAL DATA 
























































; . No. of a i s T : ] 
Groups Compared l Casse From Clinical Onset | From First Memorial Work-up 
| ases | 
1 
| Two Five | Two Five 
Years Years | Median* | Years Years | Median* 
(per (per | (mo) (per (per | (mo) 
cent) cent) | i cent) cent) | 
Total 52 
TERRAM NE Pun Nd = 
Age | 
0-15 | 69 23.2 17.4 
16-92 I,200 | 54.2 29.0 
Male 790 50.4 26.5 24.2 34.4 ju 10.5 
Female 479 57.1 32.2 323.8 | 36.5 20.4 | 13.2 
Giant Follicular Lymphosarcoma 162 | 85.2 54.4 72.0 | 64.8 33.9 48.0 
Lymphosarcoma 553 51.3 27.0 26.2 | 35.8 18.6 | 11.7 
Reticulum Cell Sarcoma 554 44.1 323;6 | 21:4. | 26:0 13.9 | 8 
Stage | | | 
O-I 245 66.3 46.6 51.0 | 55.7 40.7 34.5 
H 397 44.9 23.2 22.2 | 30.8 17.7 10.5 
HI 627 52.0 24.5 | 25.5 | 30.0 10.4. | 8.4 
—Á—— E D pa a i [oct eet — Spo PA S EENS: c TEENS 
1928-1934 95 $341 29.2 26.8 | 34.8 17.9 | 12.8 
193571939 122 57.8 — 34.7 28.7 | 42.7 26.2 | 18.1 
274 53.3 29.6 27.8 | 36.2 22.6. q^ 1312 
385 47.6 26.0 22.6 | 34.6 19.5 10.6 
309 51.8 25.9 26.6 | 36.8 15.5 1.4 
* Medians from curves of all data were plotted on log-probability paper. 
and the diagnosis in most cases was made tients, as measured by survival rates. This 


prior to this date. 

Certain observations concerning survival 
can be emphasized by the survival curves, 
as presented in Figures 5 through g. 

The disease in children is more rapidly 
fatal than in adults. Though 17.4 per cent 
of the children do survive five years or 
more, when the disease takes a downhill 
course, it does so at an accelerated rate. 

As is well known, giant follicular lympho- 
sarcoma is a much more benign disease than 
the other two groups. The group of pa- 
tients with small cell lymphosarcoma sur- 
vive slightly, but significantly, longer than 
the group with reticulum cell sarcoma. 

It is interesting to note that female pa- 
tients do somewhat better than male pa- 


is true for all age groups, but it is not evi- 
dent for the group with giant follicular 
lymphosercoma. 

As would be expected, those patients 
with localized disease at the time of their 
first Memorial Center visit survive much 
longer than those with clinical Stage 11 or 
Stage i disease; however, the difference 
in survival between the latter two stages is 
not significant at the 5 per cent level. 

Since the early 1940's new agents have 
been introduced for the treatment of 
lymphoic tumors. The alkylating agents, 
anti-metabolic drugs and adrenal steroid 
therapy have at one time or another re- 
ceived enthusiastic support. Great ad- 
vances in blood replacement and the treat- 
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Fic. 5. Lymphosarcoma survival curves, children compared to adults. 


ment of bacterial infections should have 
contributed to the longer survival of pa- 
tients with lymphosarcoma. 

Survival curves were analvzed as a func- 
tion of the year of admission to Memorial 
Center. These curves (Fig. 9) indicate that 
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no improvement in survival has resulted 
since 192%. Only the period from 1935 to 
1939 stands out as showing better results 
than all periods before and after. Even this 
improvement is only slight. It is difficult to 
know whether changing diagnostic criteria 
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Fic. 7. Lymphosarcoma survival curves, male compared to female. 


over the vears or an increasing percentage 
of critically ill patients in recent vears has 
influenced these results. 

It is unfortunate that we have no group 
of nontreated patients to compare with 
those who received radiation therapy. 
However, it would appear that radiation 
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therapy can provide as good results, meas- 
ured by survival, as the newer agents 
introduced since 1940. Gross survival 
curves do not provide information con- 
cerning the quality of survival. We have 
all seen isolated cases of substantial im- 
provement after the administration of the 
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Fic. 9. Lymphosarcoma survival curves, comparison 
according to the year of admission to Memorial 
Center, 


newer therapeutic agents. Specific prob- 
lems such as superior vena cava obstruc- 
tion and spinal cord compression un- 
doubtedly respond more quickly and more 
safely with combination therapy than with 
irradiation alone. Therefore, we are not en- 
tirely justified in evaluating the new thera- 
peutic agents on the basis of an analysis of 
gross survival data only, 


SUMMARY 


A review has been completed of the ex- 
perience at Memorial Center for Cancer 
and Allied Diseases with the group of dis- 
eases known generally as lymphosarcoma. 
All histologically proved cases were stud- 
ied as of January 1, 1958, if they had been 
admitted to this institution between 1928 
and 1953, thus providing a five year follow- 
up period. 

Histologic diagnoses were divided into 
three groups: giant follicular lymphosar- 
coma, 162 cases; lymphosarcoma, 553 cases; 


Lymphosarcoma 


531 
- 
and reticulum cell sarcoma 554 cases. 
Patieats with manifest leukemia when first 
seen et this institution were excluded. 

The age and sex distributions indicate 
a median age for the entire group of 49.7 
vears ard a ratio of males to females of 1.7 
to LG 

A leukemic transition was noted in 7.6 
per cent of the entire group and was related 
to the patient's age and the histologic 
classification. 

The cbjective and subjective response to 
treatment is presented for radiation ther- 
apy, 1,502 cases; alkylating agents, 32 
cases; aati-metabolic drugs, 41 cases; ad- 
renal steroids and/or ACTH, 158 cases; 
and rad‘oactive phosphorus, 71 cases. The 
frequency. of complications cf therapy is 
also presented. 

Severtv-six patients who underwent rad- 
ical sarzery are compared to those with 
comparzble disease who received non- 
surgical treatment. 

The over-all five year survival rate, from 
cliniczl onset, of patients with lymphosar- 
coma is 28.4 per cent. The median survival 
from clinical onset is 26.4 months. The 
survival figures as affected by the histo- 
logic ercup, age, sex, stage of disease, and 
vear cf zdmission are presented. 

It is concluded that radiazion therapy 
remains the treatment of choice for 
lymphosarcoma and that no increase in 
survival can be demonstrated over a period 
of twenty-five years, despite the addition 
of antibotics, steroids, and alkylating 
agents tə the therapeutic program of con- 
venticnal radiation therapy. 


Saul A. Rcsenberg, M.D. 
Peter Benz Brigham Hospital 
721 Hunter gton. Avenue 
Boston 15, Massachusetts 
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SKIN AND SUBCUTANEOUS REACTIONS INDUCED 
BY SUPERVOLTAGE IRRADIATION* 


By LEONARD M. LIEGNER, M.D., 


NEW YORK, NEW WORK 


UPERVOLTAGE gamma? and roent- 

gen-ray radiations induce skin and sub- 
cutaneous reactions in far greater frequency 
and intensity than has been indicated in 
the literature.» 9 1727.31.32 

In contrast to the analyses in the past 
detailing skin reactions secondary to the 
use of conventional roentgen rays, few 
papers describe and evaluate the skin reac- 
tions of high energy radiation? * 9 27,31,22 
Only general impressions on subcutaneous 
reactions have been published.!5-15.20.32 

The statement of Failla e a/.° that “with 
higher dosages the limiting factor may be- 
come the tolerance of the subcutaneous 
tissue" is substantiated by the cases of 
subcutaneous fibrosis reported in this 
paper. They measured surface doses of 
supervoltage radiations with an extrapola- 
tion ionization chamber.” 

The skin sparing characteristics of super- 
voltage therapy have been abundantly 
emphasized. 8,9,10,13,14,18,20,22,25,33,36 There are 
clinical reports of extensive supervoltage 
experience that practically disregard im- 
mediate superficial reaction. One states 
that “no subcutaneous reaction at all has 
been met with in an extensive series over 
a five year period." 

The skin sparing of supervoltage radia- 
tion has come to mean spared skin in an 
absolute sense. We, on the other hand, have 
had supervoltage roentgen- and gamma- 
ray experience to the contrary and will 
attempt to place the matter of supervoltage 
integumental reactions in proper perspec- 
tive by offering a detailed analvsis. Unless 
the various factors*511.12.1529.30,31,33. to pe 
presented herein are included when report- 


and NORMAND J. MICHAUD, BS. 





ing skin and subcutaneous reactions, the 
validity of the observations made can be 
challenzed. 

With the increased use of supervoltage 
moda ities,  fewer^*!97»3 rather than 
more*!*!??! radiation equipment and sur- 
face cosage factors are found in publica- 
tions, despite the abundant quantitative 
physical facts made available to us by the 
radiation physicists.!:9 7.11.16.28,29,30.23 

The wider use and availability of the 
roentger-ray generator and gamma-ray 
supervoltage equipment increase the need 
for know edge of those factors which affect 
the desi ign and performance of therapy 
machines in everyday practice. Therapy 
units that emit high energy gamma rays 
from cobalt 60 or cesium 137 sources should 
be designated as orthovoltage? if their de- 
sign ceviates from that of supervoltage 
equipment’ which possesses skin spar- 
ing characteristics. These design deficien- 
cies ccn be recognized and corrected. *?! 


&EVIEW OF THE 


Failla, Twombly, and Marirelli? in 1937 
recognized that electron contamination of 
the air volume between the diaphragm svs- 
tem anc. the skin in supervoltage roentgen- 
ray therapy increased the superficial skin 
dose. Thev reasoned that, although super- 
ficial skin dose might be reduced by means 
of electron filtration, the tolerance of sub- 
cutaneous tissues might still become the 
limiting factor in higher dosage administra- 
tion. 

Quimor's?* 1939 review of tissue dosage 
measurement emphasized the problem of 
tangerta irradiation. There is no adequate 
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* From the Radiation Therapy Department, St. Luke's Hospital, New York Presented at the Forty-second Annual Meeting of the 
American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. Also presented as a scientific exhibit at the Sixty-first Annual 
Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 1960 and at the Forty-sixth Annual 
Meeting of the Radiological Society of North America, Cincinnati, Ohio, Decensber 2-9, 1960. 
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measuring instrument for this troublesome 
factor in supervoltage irradiation. In the 
same paper Quimby states that the ' tissue 
dose for tangential irradiations can aot be 
properly obtained from isodose charts 
made with the beam of radiation ertering 
the body at right angles, nor can the exit 
dose be obtained from such charts.” She 
suggests that “although the discussion of 
tissue dosage was based entirely cn the 
basis of physical measurements, it must 
not be lost sight of that biological ques- 
tions are also exceedingly important." This 
is especially so when considering the varia- 
tion of skin reactions based purely on 
anatomic site, tissue texture anc skin 
sensitivities.® 

Witwer and Leucutia® in 1940 evaluated 
the late sequelae of varving voltages on the 
skin. On the basis of limited experience 
with 600 kv. roentgen-ray therapy they 
concluded that “supervoltage roentgen 
therapy permits irradiation with thz least 
damage to the skin, and therefore or e may 
surmise that the danger of late sequelae 
may be entirely dismissed.” This supposi- 
tion did not refer to “heroic forms «f pro- 
tracted irradiation in which exzessive 
cumulative doses are used.” 

Dresser, Rude, and Cosman? in 1940 
evaluated the difference between 20 kv. 
and supervoltage one million volt terapy 
and concluded that with superroltage 
irradiation not only were the immediate 
superficial reactions less intense bat late 
skin damage in a two vear experience had 
been entirely absent. They did remark, 
however, that a few cases developed "stiff 
erythemas," and they attributed the reac- 
tion largely to the exit dose. 

In 1940, Stone and Robinson? cor: pared 
the production of a similar skin reaction in 
the same patient induced by 200 kv. and 
1,000 kv. radiations. To them, the mpor- 
tant consideration was the reaction, sot the 
number of roentgens measured. Thus, if 
biologically equivalent reactions cre ob- 
tained from two different energies, the 
doses should be considered equivalent 
despite a numerical difference in roeatgens 
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measured. A dose, for Stone and Robinson, 
is the total skin dose, or the sum of "r on 
skin" (*r in air" plus backscatter) plus the 
exit dose. They hypothesized that, in pro- 
ducing a particular skin reaction, treatment 
bv 1,000 kv. radiation may involve more 
roentgens as measured in air or by total 
skin dose than from 200 kv. radiation, but 
the doses would be considered equivalent. 
In fact, thev concluded that, "allowing for 
biological inaccuracies, to produce similar 
skin reaction with these two qualities of 
radiation requires about 25 percent more 
total skin dose of the 1,000 KV. rays." Con- 
verselv, thev pointed out that the same 
number of “r in air" from the two types of 
apparatus would result in less skin reaction 
from the 1,000 kv. rays than from the 200 
kv. rays. The study of Stone and Robinson 
loses some value, however, since thev 
used pressure cones with both the 200 and 
1,000. kv. machines. These introduced 
effects on the skin due to pressure and 
electron contamination of unknown magni- 
tude. 

Trump and Cloud? in 1943 discussed the 
progressive movement of maximum ioniza- 
tion below the surface of the skin as the 
voltage increases, and they emphasized 
that the subcutaneous effect was alreadv 
considerable for 1,000 kv. Thev stated that 
"the subcutaneous dose of maximum inten- 
sity should be taken as the measure of 
incident dose." The need for the use of 
sufficient air wall material overlying the 
Victoreen thimble chamber, to ensure 
measuring maximum ionization, is made 
clear. 

In the same vear, Dresser? discussed the 
bolus effect of low density material placed 
on the patient's skin. If the material is of 
sufficient thickness, e.g., § mm. for 3,000 kv. 
roentgen rays, maximum ionization occurs 
directly on the skin. This effect, although 
generally to be avoided, can be used to 
advantage where the skin may be, or is, 
invaded by tumor. 

Holmes and Schulz,” in 1946, reported on 
the use of 1,200 kv., Van de Graaff generated 
roentgen rays. They reafirmed the com- 
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monly held viewpoint that supervoltage 
radiation was less likely to induce serious 
skin damage. Air doses, however, rather 
than total superficial skin or maximum 
subcutaneous doses per field were meas- 
ured. Administering 6,000 r measured in air 
to single fields in head and neck cases, they 
observed that reactions were confined to 
the treated site of the neck and they re- 
ported no exit dose reactions. 

In 1950, an additional basic article ap- 
peared by Murphy and Reinhard, at- 
tempting to compare orthovoltage and 
supervoltage skin reactions. In their paper, 
an approach similar to that of Stone and 
Robinson? was used in that thev directed 
200 and 1,000 kv. roentgen rays to adjacent 
skin areas in the same patient but it differed 
in that they gave the same total skin dose 
per field (entry dose plus exit dose) each 
day, as well as for the total course and in 
the same over-all time. A total of 19 cases 
was included in the study. Thirteen pa- 
tients, each treated simultaneously with 
both modalities, exhibited the same im- 
mediate skin reactions on the last day of 
treatment; in 3 cases the reaction was 
greater on the side treated with 1,000 kv., 
while in the other 3 cases the side treated 
with 200 kv. reacted more intensely. At the 
final observation four months later, seque- 
lae were equal for the 200 and 1,000 kv. 
therapy in each of 10 patients, greater for 
the 1,000 kv. in 1 case and more pro- 
nounced for the 200 kv. in each of 7 other 
cases. They generally concluded that, in the 
same patient and for the same skin dose, 
the immediate reactions are equal for 200 
and 1,000 kv. roentgen rays. 

In 19:2, Dixon, Garrett and Morrison! 
reported complete data on the Eldorado 
teletherapy Co unit. (The same unit is 
used at St. Luke’s Hospital, New York.) 
The most important facts they presented in 
reference to this supervoltage gamma ray 
equipment were the optimal source dia- 
phragm distance and the optimal dia- 
phragm skin distance. Both these factors 
give minimal penumbra and minimal elec- 
tron contamination of the beam with 
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maximum depth dose measurements. The 
supervoltage beam thereby produced is 
equivelent to that of a 3,000 kv. Van de 
Graff generator. 

Miler" published depth dose measure- 
ments for a 2,000 kv. generator and showed 
that de dose delivered at a depth of 10 to 
15 cm. is about ten per cent less than the 
dose is ered with cobalt 60 for the same 
maximum dose delivered in the skin. 

Evaas ef a/.? commented in 1954 on the 
Eldorado unit. They warned against the 
use of both closed- and open-end plastic 
applieztors as they contribute electron 
contamination to the skin surface. 

At St. Luke's Hospital, New York, the 
closed-end applicator on the Eldorado unit 
has never been employed. 

Fried 7 a/. continued to use the Eldo- 
rado’s closed-end applicator and resorted to 
rotational therapy to minimize skin reac- 
tions. 

Haas, Harvey, and Laughlin” refer to the 
differce © ce in average specific ionization as 
the inpertant factor in 200 kv. versus 
higher &ilovoltage skin effects. 

‘Richarcson, Kerman, and Brucer*? in 
1954 presented their evaluation of the 
effects of source skin distance, field size, 
cone imer lining and electron filters on the 
skin dese. Thev commented that for the 
same energy source, although the results 
should be similar, the actual measurements 
will vary with the design of the unit and the 
range cf cone to skin distances. 

The effect of closed-end applicators on 
the skm in supervoltage gamma therapy 
was presented in a paper published in 1924 
by Burxal e a£.* The skin reactions for the 
same feld under open and closed parts of 
the apolicator are shown in Kodachrome 
views. They observed that the skin reac- 
tions without closed-end appl:cators had 
been, m general, less pronounced than 
would sve been expected with 200 kv. 
therapy. However, they included a photo- 
graph cf a breast cancer patient who devel- 
oped a moist skin reaction and deep pig- 
mentatom after a 4,000 r tumor dose 
administered in three weeks--a reaction 























which can be considered severe even for 200 
kv. therapy. . 

Friedman, Dresser, and Hine? n an 
article on 2,000 kv. roentgen-ray therapy 
also commented on the effects on th» skin 
dose of target skin distance, electron emis- 
sion from the collimating device and field 
size. They reported that with 8,000 r maxi- 
mum skin dose delivered through a single 
portal, the only early skin reaction was a 
deceptively mild first degree erv -hema 
which healed rapidly. They did mention 
(without case presentation) that after using 
this dosage over a period of time severe 
radiofibrotic and radionecrotic effec-s will 
manifest themselves. 

Fletcher ef 4/.7!* pointed out ir 1956 
that, as with cobalt 60, the same ootimal 
collimator-skin distance of 20 cm. also 
applies to a 2,000 kv. generator." They 
cautioned, as others have, that sube itane- 
ous fibrosis may occur. They also enpha- 
sized that the skin reaction on the exit side 
Is as great as on the entry side and revorted 
that, when using shorter collimator-skin 
distances without electron filters, moist 
desquamation had been observed. 

Severe necrotizing skin reactions result- 
ing from the use of cobalt 60 therapy 
machines with short collimator-skin dis- 
tances are vividly demonstrated in a paper 
by Simon, Silverstone, and Gurman,” 
published in 1958, with their evaluation of 
the effectiveness of electron filters of differ- 
ent materials. 

Burkell and Watson? in 1956 also pointed 
out the importance of eliminating -losed- 
end applicators and avoiding the use of a 
bolus on the skin, if skin sparing is desired. 

Baily and Beyer,'? in 1957 and 1958, 
investigated the problems of surface and 
exit dose. They showed the sigrificant 
variation of air dose rate and surface dose 
as a function of field size. 

In 1959, Braestrup? presented the physi- 
cal and Guttmann” presented the -linical 
advantages and limitations of cobalt 60 
teletherapy. These two excellent papers 
give the essence of the factors which govern 
supervoltage gamma ray theraps. The 
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authors also give the characteristics of units 
that have a short source-skin distance and 
short diaphragm distance. Except for the 
discussion by these authors on the influence 
of source size, all the other factors pre- 
sented by them would apply equally as well 
to supervoltage roentgen-ray generators. 


MATERIAL 


Twenty-three patients, 19 white, 4 
Negro, with skin and subcutaneous reac- 
tions are reported in this paper. The skin 
changes are illustrative of the full range 
that may be met with in supervoltage 
therapy. 

Between 1955 and 1959, 7co malignant 
cases were treated on the Eldorado tele- 
cobalt unit at St. Luke's Hospital, New 
York. Of these, 160 (22.8 per cent) showed 
some degree of integumental reaction. 
Included in the 160 cases are the 23 cases 
presented in this paper. Additionally, 2 
patients (J.W. and J.C.) treated at Memo- 
rial Hospital, New York, are mentioned in 
the text with the kind permission of Dr. 
Ralph Phillips. One of us (L.L.) while at 
that institution was privileged to assist in 
the treatment of these 2 patients and at 
that time became interested in super- 
voltage skin reactions. 


IRRADIATION FACTORS 


The St. Luke's Hospital Eldorado tele- 
cobalt unit conforms in design and per- 
formance to that described by Dixon et al." 
Since the time of its original installation in 
1954, and also at the present time, this unit 
has contained a cobalt 60 source 3 cm. in 
diameter with a half value laver of 1.1 cm. 
Pb. 

Initially, the output at 80 cm. source 
skin distance was 44.5 r/min.; with the 
second source replacement made in Decem- 
ber, 1957, the output was 57.6 r/min. at 80 
cm. Monthly output corrections for decay 
are routinely made. The unit has been 
consistently. operated with a source-dia- 
phragm distance of 59 cm., a diaphragm- 
skin distance of 21 cm. and a source-skin 
distance of 80 cm. or 100 cm. for nonrota- 
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Fic. 1. Industrial type AA x-ray film exposed to a cobalt 6o beaw in a large pressdwood phantom (SSD, 8o 
cm.; DSD, 21 em; FS, 15X15 em; source diameter, 3 cm). The film is perpendicular co the beam axis 
(left) and parallel to the beam axis (right). 


tional therapy. A light localizer with the 
mirror located near the source and fine wire 
cross hairs at the open face of the dia- 
phragm aid in field centering. An open-end 
shaping platform with lead bars supported 
on the head of the machine outside of the 
field of irradiation is part of our auxiliary 
equipment but it was not emploved in any 
of the cases reported in this paper. 

All physical data for our unit relating to 
optimum diaphragm-skin distance, central 
axis depth doses, air dose rates, and surface 
and maximum dose rates for different field 
sizes at 80 and 100 cm. source distances 
were measured by one of us (N.M.). These 
determinations with slight variations con- 
firm the results of Dixon ef a/.!! As listed in 
Table 1, the air dose rate as a function of 
field size varies significantly because of 
electron scatter from the variable dia- 
phragm. The air dose rate increases to a 
maximum with our unit when a 15 X t5 cm. 
field size is attained, decreasing somewhat 


to a plateau thereafter. Enlarging the field 
size beyond 15X15 cm. apparently does not 
further ncrease the number of secondary 
electrons sufficiently energetic to be col- 
lected by an appropriate Jucite capped 
Victcreen or Bomke ionization. chamber. 
Similari», the maximum dose and surface 
dose* vary with the field size. 

The photographs in Figure 1 are of 
industrial type AA x-ray film, exposed in a 
large pressdwood phantom to the Eldorado 
telecobalt beam. We used a 15X15 cm. 
field -o emphasize the uniformity of density 
across even a large field anc. the minimal 
penu nbva present. With a deasitometer we 
determined that the penumtra for such a 
large field is less than 1 cm. aad for smaller 
fields is negligible. The latter was confirmed 
to our satisfaction clinically m cases where 
treatment was directed to che maxillary 
sinus in close proximity to the eye; sharp 


* Sur ace skin dose refers to extrapolated values to zero thick- 
F 
ness. 
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FACTORS INFLUENCING SKIN RE: CTIONS AND THE DIRECTION OF THEIR EFFECTS 





Medium f 
High | 


B. Diameter of Source 
Small | 
Large T 


C. Equipment Design 
1, Target or Source 
Skin Distance 
Short 7 
Longi 
2. Collimator (dia- 
phragm) 
a. Lining 
High Atom- 
ic Number T 
Medium Atom- 
ic Number | 
b. Diaphragm 
Skin Dis- 
tance 
Short Î 
Long | 











Scatter Effec 
i. Entry 
Underlying Bone 7 
2. Exit 
a. Table 
Metal 1 T 
Foam Rubber 1 
b. Table Dimension 
Narrow T 
Wide Î f 


F. Exit Dose 
Low 7 
High! | 


G. Angle of Incidence on 
Skin Surfaces 
Direct | 
Tangential 7 


H. Treatment Planning 
Rotational | 
Multiportal [ 
Parallel Opposing 7 
Single 1 1 





O* SKIN REACTIONS 








Total Daily Dose per 
Field {entry exit) 
Low | 
| Medium j 7 


High 7 


B. Total Number Treat- 
I ments 
Many | 
Few T 


C. Over-all Time 
| Short 7 
Long | 


D. Total Accumulative 
Dose per Field 
(entry d- exit) 

| Low | 


High f 


E. High Dose Over Short 
Time T 


| V. High Dose Over Long 





. Fime-Dese Relationship 





Vascularity Î 
Texture 
Fine T 
Pigmentation | 
Skin Thickness 
Thin 7 
Sulfur Content 
High T 
Obesity 7 
B. Anatomic Site 
Scalp | 
Neck | 
Chest | 
Abdomen 
(obese) 7 
Gr. in, Perineum, 
Axilla T 
Extremities | 


C, Skin Surface 
Flat j 
Curved T 
Tangential T 











A. Prior Treatment 
Irradiation Î 
Surgery 7 


B. Wound or Skin In- 
fections T 


N 


. Applied Heat, Ac- 
tinie Rays, and 
Chemicals 7 


D. Trauma f 


E. Systemic Thera- 
peutic Agents 
(actinomycin 


DT 


F. Heightened Meta- 
bolic States 7 


G. Gaseous Perfusions 
Oxygen 7 
Nitrogen | 


c, Cone (end) Time Î i Intertriginous |. | H. Environmental 
Closed f I Field Size Temperature 
Opened | Small | High 7 
3. Shaping Plat- Medium 7 7 Low | 
forms T Medium Large 7 
I. Anemia 
D. Bolus | 
Tissue or Tissue 
Equivalent 7 
Density >Tis- 
sue Í T 
dem arcations of skin reactions in :hese subcutaneous tissue-tumor dose relation- 


planned treatment fields are alwave ob- 
servable. Depending upon the diaph-agm 
system and source size of a given saper- 
voltage unit, the maximum and skin doses 
for a given tumor dose will vary according 
to the design. Values could be greater, less 
than or the same as with our unit. 

The last three columns of Table m, list 
the delivered total skin and maximum dose 
(entry +exit) per field and the total timor 
dose attained in each case. The skin-tamor 
dose relationship remained favorabie in 
every instance, even though parallel oppos- 
ing fields were used. On the other hanc, the 
maximum (o.5 cm. depth) dose exceeded or 
was equal to the tumor dose in all cases but 
2, which we interpret as an unfavo-able 


ship. No tumor dose administered in these 
cases exceeded 6,000 r. 

Skin reactions induced by supervoltage 
radiation must be viewed in terms of the 
many factors listed in Table r. 

Given the operative variables plus the 
possibility of their effects being additive, it 
would appear virtually impossible to avoid 
at least a minimal skin reaction, vet not all 
of our patients developed skin reactions. 
We believe, therefore, that our over-all 
incidence of 22.8 per cent for all gradations 
of skin reactions is realistic and valid. 

If we are cognizant of even a few factors 
(such as electron contamination arising 
from short diaphragm-skin distance"? and 
poor cone design? as well as the effect of 
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bolus material on the skin dose”), skin 
reactions may be kept to a minimum. The 
additive effects on the skin, however, of 
such adverse factors as an unfavorable 
time-dose relationship, skin site and physi- 
ology, as well as the other superimposed 
influences listed in Table 1, may well out- 
weigh any attempts we make at improv- 
ing the physical features of a supervoltage 
unit. 

Table i1 contains information routinely 
entered on our radiation therapy charts. 
The complete data include: half-value 
layer, source-skin distance, diaphragm- 
skin distance, applicator design, presence 
or absence of bolus material, field size, field 
arrangement, total individual number of 
treatments, daily and total cumulative skin 
and maximum doses (entry +exit), and the 
over-all time of the course of treatment. 

Table 11 also shows the significant entry 
percentage skin doses, ranging from 35 per 
cent for smaller fields to 70 per cent of the 
maximum dose for fields of 300 cm.” or 
more. If parallel opposing fields are used, as 
they were in all our patients but 1, and if 
the interfield separation is small, as exem- 
plified in head and neck cases, the per- 
centage exit dose may be higher than the 
entry dose with exit dose values as high as 
$3 per cent. 

The column headings in Table n desig- 
nating “total daily skin and total daily 
maximum” doses have been devised by us 
to emphasize the entry and exit dose con- 
tribution per field to the skin and subcu- 
taneous tissues from opposing fields treated 
alternately in each twenty-four hour pe- 
riod. 

Field sizes varied depending upon the 
extent of the tumor and anatomic site. 
Small fields (30-150 cm?) were used in 6 
patients; medium fields (150—300 cm.?) in 10 
patients; and large fields (300-420 cm.?) in 
7 patients. 

'The over-all time of the course of treat- 
ment expressed in weeks rather than days 
was: three weeks in 5 patients, four to seven 
weeks in 17 patients, and eight to nine 
weeks in 2 patients. (One patient had two 
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$39 
courses of treatment separated by a three 
year :nterval.) 

REACTIONS 

Skin reactions induced by supervoltage 
radia-ier as reported in this paper fall into 
two main categories: (1) those induced 
without bolus material intervening in the 
beam ard without an unusual time dose 
relationship; and (2) those induced with 
bolus material intervening in the beam or 
with am unusual time dose relationship. 
These zwo categories are each further sub- 
divided according to the tvpe of reaction 
and tae topography of the skin surface, 7.¢., 
flat, curved (tangential), or intertriginous. 

The first category contains 21 patients 
with the following number and types of 
reactions: erythema—flat surface, 3; fol- 
licular erythema—flat surface, 1; dry des- 
quamation and tanning—flat surface, 2 
(Fig. 2 moist desquamation—flat surface, 
1; mcist desquamation—intertriginous sur- 
face, 4 (Fig. 3); dry desquamation— 
tangential surface, 2 (Fig. 4); dry desqua- 
maticn and late subcutaneous fibrosis— 
tangential surface, 1 (Fig. 5); and sub- 
cutaneous fibrosis—flat surface, 7 (Fig. 6, 
A and &). 

One of the 4 patients with moist desqua- 
maticn on an intertriginous surface (pa- 
tient J-C.*) is not listed in our tables. Treat- 
ment ‘actors were as follows: theratron 
Cot? machine, 360° horizontal rotation and 
an 8x12 cm. field for an over-all time of 
forty-two days and a total tumor dose of 
6,000 r. Severe moist desquamation began 
with a 4,000 r tumor dose accumulated in 
thirty days. 

The second main category contains 4 
patieats with the following reactions: fol- 
licular tanning—flat surface, 1 (patient 
R.N.. Fable 1); moist desquamation— 
intertris nous surface, 1 (patient F.P., 
Table iz; moist desquamation—bolus, 2 
(patient W.St.C., Table n and Dr. Phillips’ 
patieat, J.W.). 

Since patient J.W.* is not listed in our 


* These patients were treated at Memorial Hospital, New York, 
and are :nciuded with the permission of Dr. Ralph Phillips. 
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ient P.G. Photograph taken fourteen days 
aftert re last treatment shows mar«ed tanning and 
marke i dry desquamation. A superficial skin dose 
(entry —exit) of 5,200 r was administered through 
15 -£ cm. parallel opposing fields in an over-all 
time o` forty-six days. No bolus was used. This is 
an ex ple of a reaction on a flat surface. 





Fic. 5. Patient H.P. Photograph taxen at the end 





of therapy shows marked erythema and moist 
desquamation in the right axilla. A superficial 
skin cose (entry-+exit) of §,000 r was administered 
throvz3 17 X22 cm. parallel opposing fields in an 
overal time of forty-four days. No bolus was 
used. Ts is an example of an intertriginous reac- 
tion. 
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Fic. s. Patient A.K. Photograph taken eight months 
after completion of therapy shows marked subcu- 
taneous fibrosis following medial and latera! paral. 
lel opposing tangential irradiation of primary in- 
operable breast cancer. No bolus was used A skin 
dose (entry+exit) of 3,200 r and a maximum 
dose (entry-Fexit) of 4,500 r were delivered 
through 13X17 em. fields in an over-all time of 

twenty-eight days. Erythema was present at the 

completicn of the course and there was marked 
dry desquamation three months later. The ad- 

jacent rectangular reaction was secondary to 140 

kv. therapy. This is an example of subcutaneous 

fibrosis following tangential irradiation. 


Vic. 4. Patient C.O. Photograph taken four days 
after the end of therapy shows marked cry des- 
quamation and tanning. This view shews the 
exit side of a single 12X15 cm. anterior supra- 
clavicular-axillary field. Superficial skia dose 
(entry) 3,800 r, exit dose (without back:eatter) 
2,500 r, maximum dose 6,400 r. The dose vas de- 
livered in an over-all time of thirty-five das in 25 
individual treatments. This is an example of tan- 
gential skin and exit dose effects. 














Fic. 6, (4) Patient H.A. Photograph taken t rirty-three months after the last treatment shows very severe, 
retracted, pigmented, brawny-hard subcut meous fibrosis of the anterior abdominal-pelvic wall. A maxi- 
mum subcutaneous dose (entry +-exit) of <00 r was delivered through upper and lower 15X15 cm. paral- 
lel opposing fields (superficial skin dose 3,520 r) in an over all time of thirty-five days in 25 individual 
treatments. Reaction occurred only in the nore midline portions of the field irradiated. This was first ob- 
served three and one-half months after the completion of therapy. (B) Same as 4 showing subcutaneous 
fibrosis over the posterior portals. The reaction in this patient is an example of severe subcutaneous 
fibrosis. 
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ANALYSIS OF SKIN AND SUBCUTANEOUS REACTIGNA INDUCED BY SUPERVOLTAGE 
(cogar T 60) IRRADIATION 
ii eiie Me eimi eres e “oo ener msn — | Total Dose per | 
| i Moi 5 f , pe í , 
| zc | Moi Moist | Subcutaneous Field sentry, g 
Ery- ‚Desqua-| Des- ID : v Fibrosis exit) | 
- | thema| 4. | mation quama-| | Desq f rosis Remarks 
EE eee Ery- | Fan- | | mation- | i 
Site | Patient | themact and nml and  |tion— Int | 
| “| Tan- i E | Tan- | Flat | a With | 
| | ining | (o nig | Sar- Infam- | | 
| | | i | face mation | | 
Es EEN Hee " i cen a — EN 
eee | i 
WM. | ++ | | | +4 | 
Head and | IMC | +4] | | 
Neck | LC. +! | | 
| G.R. | T | i 
- i — —o | | | | i x | ES m 
| EM. | pep i | | 1 | Tangential effects 
Supra- A.M. | | | | i | f 
clavicular | | MLP. | | | | | — | 
[CO | + | | i l | | Tangential effects 
nee 7 Ies | UL eed i | emn | | i sande — 
i H | i i i ^ : 
Chest | H.P. | + | t+ | | I ++] | Chest wall, axilla 
2 P.G. + | +++ | 
t H 
Breast | | + | +++] | Bolus 
| | + | | ++ | per | No bolus 
Abdomen | : | | Tt | 3 H Very obese 
rem i "e — i 5 i | E P isin 
Ld Te dep d | 3 | 5,300 
| A.N | ++ | 4,500 | 8,900 | 2 courses, 3-yr. in- 
i | | terval 
| 8. | | ++ | ! Obese 
LD. | ttj) ++ i Thin abdomen 
Pelvis | G.K. 4 | || + | 
br i | 
J | | 44 Very obese 
i + j 
E qu | | 
mm, P |} —— ce ef -bE TE 
Extrem- T TL ! | | j Follicular reaction 
ties | | | i | | 





Reaccions: 18 erythema (with or without tanning); g tanning (with or withour ¢ esquamation); 7 moist desquamations; 8 subcutane- 
d d 5 Jj £ n 5 


ous fibrosis. 


tables, a brief résumé of the case follows: 
Treatment was with a 1,000 kv. General 
Electric Resonant transformer with a focal 
skin distance of 70 cm, 
3.7 mm. Pb, parallel opposing 18X12 cm. 
fields, with the beam passing through a 
1.5 cm. thick, circular plaster cast. Twenty- 
eight days after initiation of therapy, a 
window was made in the cast overlving the 
treatment field exposing a most intense, 
violaceous, vesicular, moist desquamation. 
The Victoreen and Baldwin-Farmer cham- 
ber readings indicated a superficial skin 


dose in the presence of a plaster bolus of 


4,400 r (entry dose plus exit dose) delivered 
in an over-all time of twenty-eight days. 


half value laver of 


Dr. 


Arvin Glicksman (Memorial Hospital, 


New York) was responsible for the triiodo- 
thyrenme therapy that was effective in 





induci 


rapid skin healing in this patient. 


Tak ur lists the intensity of each type 


of reaction. 
evidea 


Early reactions refer to those 
* during therapy and in the immedi- 


ate pest-treatment interval. Late reactions 
refer te those occurring at least one month 
after treatment. Patients have demon- 
strated either a single isolated reaction or a 
sequence of multiple reactions that pro- 
ceeded to healing. 

In tke 23 patients listed, 18 erythema- 
tous reactions (in 17 patients) were ob- 
served, 14 of which were erythema alone, 
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10 
O Erythema 
® Erythema and Tanning 

9 A Tanning 
A Dry desquomation and Tosning 

8 W Moist desquamotion inter*riginous 
O Subcutaneous fibrosis 
O Mois! desquamation - Fio surfoce 
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Fic. 7. Graphs showing the time of onset of skin and subcutaneous reactions. 


with tanning occurring simultaneously in 4. 
There were g tanning reactions; 7 of these 
were accompanied by dry desquamation. 
Only 1 instance of moist desquamation on a 
flat surface was observed; a bolus was not 
used on this patient. Six instances of moist 
desquamation in intertriginous areas were 
recorded. 

There were 8 late subcutaneous fibrotic 
reactions, 6 in the abdominal-pelvic or 
lumbar area and 1 each in the breast and 
sternal areas. Of the 8 subcutaneous reac- 
tions, 3 were accompanied by intense 
inflammation (patient I.S. had a superim- 
posed low grade abdominal wound infec- 
tion). 

In evaluating supervoltage skin and sub- 
cutaneous reactions from the aspect of the 
anatomic site irradiated, our analysis 
reveals that 12 patients are in the heed and 
neck, supraclavicular, chest, and breast 
groups; they demonstrated 20 earlv skin 
reactions and 2 late subcutaneous fibrotic 
reactions. The main features these cases 
had in common were curved skin surfaces, 
smaller interfield separation and, conse- 
quently, higher exit doses. In the 11 other 
patients where treatment was direcred to 
the abdomen, pelvis, or extremities, 14 


early skin reactions and 6 late subcutaneous 
fibrotic reactions were noted. All of these 11 
patients were obese; thev had healed or 
healing abdominal incisions; there were 
large interfield separations; and the treated 
skin surfaces were intertriginous. 

Figure 7 shows the time of onset of vari- 
ous skin and subcutaneous reactions on 
three different time scales. The mildest skin 
reactions did not occur earlier than two 
weeks after the start of irradiation, appear- 
ing within a range of fourteen to fifty days. 
The majority of these first reactions became 
evident between twenty-one and forty-two 
days after the initiation of treatment. 
Erythema may be present as the earliest 
and only reaction (Fig. 7). Similarly, tan- 
ning, dry desquamation, moist intertrigi- 
nous changes and subcutaneous fibrosis 
may appear without milder preceding reac- 
tions. The classic sequence of skin changes 
described for lower voltage therapy is not 
always evident in supervoltage therapy. 
Five of the 8 subcutaneous fibrotic reac- 
tions were accompanied only by erythema 
or were not preceded by any skin change at 
all. 

Excluding subcutaneous reactions, the 
interval between the earliest skin reactions 
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and fully developed reactions was two to 
three weeks in most cases. The interval be- 
tween the fully developed reaction and 
healing was generally two weeks. In 4 
cases, however, complete healing required 
one to three months, calculated from the 
time of appearance of the maximum reac- 
tion. The total time interval, therefore, 
between the first appearance of the earliest 
reaction and final skin healing ranged be- 
tween two and four months. 

Subcutaneous fibrosis, measured from 
the time of the first treatment, developed in 
| case at two months, in $ cases between 
two and seven months, and in 2 cases at one 
vear and four years, respectively (Fig. 7). 

The earliest reactions appeared at skin 
doses of soo to 1,500 r below the final ad- 
ministered skin dose in 10 cases (approxi- 
mately 40 per cent) of the total of 23 re- 
ported. In 6 cases (approximately 25 per 
cent of the 25 reported) the earliest reac- 
tions first appeared when the total skin dose 
(entry +exit) had been administered, be- 
coming a fully developed reaction there- 
after. Fully developed skin reactions in 
most patients first appeared onlv after the 
administration of the total skin dose (entry 
+exit). 

Figures 7 and 8 are based on reactions 
induced by supervoltage radiation without 
the use of an intervening bolus (except case 
W.St.C., advanced breast cancer invading 
the axilla and. skin of the breast) or an 
unusual time dose relationship (except 
cases R.N. and F.P.). 

Figure 8 plots the final fully developed 
maximum skin and subcutaneous reactions 
relative to total skin and maximum dose 
(entry +exit) delivered and to field area in 
square centimeters. We were able to define 
three fairly distinct reaction groups in 
which a dose to field area relationship seems 
apparent. 

For smaller fields (30-180 cm.?), total skin 
doses (entry +exit) ranging between 3,500 r 
and 4,500 r generally may be given without 
a reaction greater than ervthema and tan- 
ning. (Case W.M. is an exception, Table 
i.) 
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MAXIMUM SKIN AND SUBCUTANEOUS REACTIONS 
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For moderately sized field areas (150- 
210 cm."), total doses (entry +exit) ranging 
between 3,800 r and 5,300 r delivered to 
abdominal-pelvic sites will result in more 
intense reactions, including some cases of 
subcutaneous fibrosis. 

Wita larger field areas (230-420 cm?) 
and wt) total doses (entry +exit) ranging 
between 4,000 r and 6,500 r, a markedly 
increased incidence of more intense skin 
and subcutaneous fibrotic reactions can be 
expected, especially in the abdominal- 
inguinal-perineal intertriginous areas. 

In 1 case subcutaneous fibrosis occurred 
four years after the first course of therapy 
and after an accumulated dose of 8,900 r, 
with aa interval of three years between the 
two courses of therapy (case A.N., Table 
I). 

We ke ve observed no instance of an acute 
skin reaction failing to heal. Radiation 
ulceratien or necrosis of the skin has not 
occurrec in any of the 7oo cases treated by 
us with telecobalt therapy. 

Of the acute supervoltage skin reactions, 
intertrgmous moist desquamation repre- 
sents tae greatest problem to the therapist. 
Particularly troublesome are reactions oc- 
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curring in the axillary, inguinal, perineal 
and perianal areas. This complication is 
painful and distressing to the paticnt. It 
may require discontinuance of therapy, 
preventing the delivery of a proper canceri- 
cidal dose. These intertriginous re: ctions 
are in no way limited to stationar. field 
therapy. Some of the most intense and 
painful reactions have occurred during 
horizontal rotational therapy (Dr. Paullips’ 
patient J.C.). 


DISCUSSION 

The mechanisms which may cause these 
intertriginous reactions are related to the 
physics of supervoltage ionizing ra liation 
and the physiology of the intertrigincus skin 
surfaces, especially in the i inguinal-perineal 
area. One can readily observe in all patients 
an increased pigmentation in these areas, 
which suggests a unique physiology and per 
haps an altered sulfur content. This pig- 
mentation is intensified both with conven- 
tional and supervoltage roentgen rays so 
that the higher reactivity in these areas 
must be related to ionizing radiation, irre- 
spective of quality. The increased ioniza- 
tion in skin surfaces, due to the targential 


incidence of photons and the bolus eftect of 


opposed skin surfaces, causes heightened 
feACHOR in these intertriginous zones, 
whereas the same calculated skii dose 
Bn to adjacent flat surfaces is not 
usually associated with a skin reaction. 

In horizontal 360° rotational ther: py this 
also happens. As an example, in patient 
J.C. the buttock skin hyper-reacte 1 while 
the anterior suprapubic skin, although also 
reacting, was remarkably less affected. The 
treatment table on which the patient lay 
acted as a bolused surface so that during 
part of the rotation, when the photons were 
directed from underneath the table, elec- 
tron equilibrium attained maximal value in 
the table thickness and continued there- 
after onto the skin of the buttock. 

One of us (L.L.), in 1956, suggested that 
of the two factors, bolus and tangential 
effects, the tangential incidence of photons 
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was more significant in producing moist 
reactions in intertriginous zones, such as 
the inguinal-vulval-perineal areas. This 
was based on the observation that height- 
ened ervthemas occurred on the lateral 
chest wall without bolus, when the beam 
incidence was tangential to such a curved 
surface. In order to substantiate this obser- 
vation, skin dose rates (Table 1v) were 
measured with chambers placed at tangen- 
tial and intertriginous perineal surfaces, 
with and without a bolus. These measure- 
ments corroborated the prediction. that 
tangential skin surfaces would receive a 
lower dose rate if they were incorporated 
into a bolused volume. We recognized, how- 
ever, that the increased softer scatter from 
the adjacent bolus might outweigh the 
apparent advantage of eliminating the 
additive dose resulting from maximum 
ionization building up in the superficial skin 
parallel to its surface, as the incident pho- 
tons penetrate tangentially. 

Subsequent to these measurements, all 
curved surfaces (axila, chest wall and 
vulval- perineal area) were filled in with an 
appropri iate number of bolus bags‘in pa- 
tients under our care. As a general rule, at 
the present time we do not use a bolus in 
this fashion. We individualize, however, in 
the use of a bolus depending on the obesity, 
pigmentation and field placement. Rou- 
tinelv, we attempt by the use of proper 
pillow support to keep irradiated surfaces 
perpendicular to the incident beam. 

Contrary to the report of Murphy and 
Reinhard,” we believe that, for the same 
total skin dose per field, delivered to the 
same anatomic site through the same field 
size and for the same time dose interval, 
supervoltage radiation induces substan- 
tially less reaction than conventional ortho- 
voltage roentgen rays, despite the occur- 
rence of severe intertriginous moist reac- 
tions and subcutaneous fibrosis. 

The relative skin sparing of supervoltage 
radiation compared to 200 kv. roentgen 
rays is dramatically evident when large 
field therapy is employed. The most intense 
reaction observed by us on a flat surface 
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* Overlying plaster cast 1.5 cm. thick, 
+ Based on soft tissue bolus. 


occurred in a patient (Case P.G., Table 1 
and Fig. 2) in whom a total superficial skin 
dose of 5,200 r was delivered to a skin area 
of 390 cm.” over a usual time interval. His 
skin reacted with intense tanning and 
marked dry desquamation. Had this same 
dose been delivered to a similar area with 
200 kv. roentgen rays, a most severe 
necrotizing moist desquamation would 
have resulted. 

We urgently caution the reader against 
applving the dosage information and result- 
ing skin reactions reported in this paper to 
therapy with cobalt 60, cesium 137, or 
other future gamma-ray units that are 
designed for short source-skin distances or 
short diaphragm- or cone-skin distances. 
This applies especially to units with cone 
ends closed with low atomic number ma- 
terial such as lucite. Severe reactions will 
occur even if cone ends are open unless 
appropriate electron filters are used.” 


CONCLUSIONS 


Supervoltage gamma and roentgen-ray 
radiations exert a skin sparing effect which 
is dependent, however, on a variety of fac- 
tors. The most important are: (1) minimal 
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electren contamination of the beam; (2) 
absen-e of bolus material overlying the 
skin; 2 total skin or subcutaneous doses 
not exceeding the tolerance of these tissues; 
(4) cblrcally acceptable time-dose inter- 
vals; end (5) favorable anatomic site. 

If these optimal conditions prevail, all 
factors being equal, supervoltage radiation 
induces considerably less skin reactions, 
roentger for roentgen, than conventional 
kilovcit:ge roentgen rays. 

Despee the skin sparing advantages of 
supervo tage radiations, observable skin 
reactiens are induced in about one quarter 
of all patients who undergo therapy for 
deep-sected malignancies and in whom 


parall-l opposing fields are used. Approxi- 
matel- :2 per cent of these patients (less 
than 2» per cent of the total number 


treated: demonstrate significant degrees of 
early erythema, tanning, tanning and 
desquamation, and moist desquamation, 
especially in intertriginous zones. Subcu- 
taneots fibrosis occurs in 5 per cent of all 
patients reacting (1 per cent of the total 
number treated). 

Severe moist reactions occurring in the 
vulval perineal area are not confined to 
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É 
stationary therapy alone but also occur 
with horizontal rotational therapy. 

In supervoltage therapv, skin reactions 
are less dependent upon field size for the 
same delivered dose than in 200 kv. ther- 
apy. It is not unusual in supervoltage 
therapy for large skin areas treated with 
higher total doses to react less than smaller 
fields to which lower total doses have been 
administered. Anatomic site, more often 
than not, determines the degree of skin 
reaction rather than the field area or total 
dose. 

Supervoltage radiation induced reactions 
differ from those seen with conventional or 
lower voltage therapy in that the classic 
sequence of changes? is not always mani- 
fest; fe, erythema may or may not appear 
first, if at all. More often, erythema and 
tanning occur simultaneously, thus making 
it impossible to distinguish at the onset 
between the two; tanning or moist desqua- 
mation is frequently seen as the initial 
reaction. 

Subcutaneous fibrosis is peculiar to 
supervoltage therapy and, if it occurs, it 
almost alwavs follows abdominal or pelvic 
irradiation. This happens more frequently 
in obese patients but occasionally in. thin 
patients (Case E.D., Table i). It rarely 
occurs 1f the total maximum subcutaneous 
dose is less than 5,000 r (Case R.B., Table 
I1). 

SUMMARY 

I. Supervoltage irradiation is skin spar- 
ing if certain conditions are met. Not all 
high energy gamma ray units conform to 
supervoltage design and may be better 
designated as the orthovoltage tvpe, which 
can induce skin reactions similar to those in 
200 kv. therapy. 

Significant skin and subcutaneous 
reactions are induced by supervoltage 
irradiation even if optimal conditions pre- 
vail, the anatomic skin site perhaps being 
the most important factor, other things 
pene equal, 

3. Supervoltage radiation induced skin 
ré eaten: may not follow the sequence of 
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events described for lower voltage radia- 
tion. Erythema frequently does not occur 
or, if present, it merges imperceptibly with 
a tanning reaction. 

4. Measures that can be taken to limit 
the incidence and intensity of supervoltage 
induced skin reactions are derived from 
knowledge and manipulation of the various 
factors listed in Table 1 


Leonard M. Liegner, M.D. 
Department of Radiation Therapy 
St. Luke’s Hospital 

New York 25, New York 
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ABDOMINAL IRRADIATION AND THE THYMUS OF 
THE ADULT RAT: THE RELATIVE IMPORTANCE 
OF THE ADRENAL GLANDS AND OF 
SCATTERED RADIATION* 


By M. J. CORP, A. W. LAW, and R. H. MOLE 


HARWELL, ENGLAND 


T IS a matter of fundamental importance 

to determine how much of the etfcets of 
irradiating the animal are due to direct 
cellular damage and how much to the 
liberation into the blood stream of prysio- 
logically or pharmacologically active sub- 
stances. The most direct way of provi zg the 
existence of such substances would be to 
demonstrate radiation effects in un rradi- 
ated tissues, either bv cross circulation 
experiments or by localized, part bedy ir- 
radiation with adequate biologic ccmtrols 
for the unavoidable effects of scatter on the 
shielded tissues. 

Cross circulation experiments in tie cat 
failed to reveal any such “indirect” effect 
of radiation on hematopoiesis. However, 
experiments in which the thymus, spleen 
and lymph nodes were examined after 
abdominal irradiation of intact and adre- 
nalectomized rats were interpreted as show- 
ing that indirect effects of irradiatmn do 
occur, at any rate after large doses, aid are 
mediated via the adrenal gland.” These 
important conclusions have been ger erally 
accepted and often quoted, even though 
there appears to be a hidden discrepancy 
in the original reports. 

Leblond and Segal? in 1942, pul lished 
the combined results of two series of ex- 
periments, the first having been revorted 
earlier? By analyzing the two repcrts, it 
should be possible to deduce the res :lts of 
their second series of experiments ar d this 
has been done in Table 1. It can be seen 
that there is an important differenze be- 
tween the results of the first and second 
series. In the first series, adrenalectomy 
indeed abolished the effect of abdominal 


irradiation on the weight of the thymus 
but, in the second series, adrenalectomy 
seemed to make very much less difference; 
in the adrenalectomized rats, the weight of 
the thvmus was reduced by 60 per cent 
compared to 72 per cent in the intact rats. 

It would appear, therefore, that the role 
of the adrenal glands in the effect on the 
thymus gland of local abdominal irradia- 
tion needs re-examination, especially as the 
general question of the degree to which the 
adrenal glands participate in the reactions 
of the body after experimental whole body 
irradiation is a matter of lively contro- 
versy. 25 

In the present experiments, large 
volumes of tissue were irradiated, in order 
to maximize the chance of observing ab- 
scopal effects in the thymus. In order to 
determine that changes in thymic weight 
were actually due to changes in cell popula- 
tion and did not merely reflect changes in 
the fluid content of the thymus, measure- 
ments were made of the total deoxvribonu- 
cleic acid (DNA) content of the thymus as 
well as of its fresh weight. The thymus was 
examined at 48 hours after irradiation, the 
same time interval as in the work of 
Leblond and Segal. Our results at this time 
suggest that almost the whole of the effect 
of abdominal irradiation on the thymus is 
due to the scattered radiation which affects 
the thymus directly; it was not possible to 
confirm the existence of an appreciable 
indirect or abscopal effect in animals with or 
without adrenal glands. At times later than 
48 hours and after a smaller dose of ab- 
dominal irradiation, an abscopal etfect on 
the thymus can be demonstrated, but this 


* From the Medical Research Council, Radiobiologice? Research Unit, Harwell, Berkshire, England. 
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is due primarily to a decrease in the intake 
of food and not to any specific, radiation- 
induced increase in adrenal activity.’ 


METHOD 


Male albino rats of the laboratory’s in- 
bred stock were used when they were 45-66 
days old and from 160-250 gm. in weight. 
In each experiment there were 4 litter 
mates which had been housed together since 
weaning. The animals were irradiated only 
after having been anesthetized by intra- 
peritoneal amylobarbitone sodium (6-7 mg. 
per 100 gm.) and all the 4 rats from one lit- 
ter were anesthetized together. In experi- 
ments involving adrenalectomy and part 
body irradiation, there were in each litter 
2 unirradiated controls (1 adrenalectomized 
and 1 sham-operated) and 2 irradiated rats 
(1 adrenalectomized and 1 sham-operated 
but both given the same radiation treat- 
ment). The operated rats were given irradi- 
ation only to the caudal half or quarter of 
the body. In other experiments with intact 
animals, 1 rat was an unirradiated control 
and the other 3 were given 25 r, so r, and 
100 r, respectively, either to the cephalic 
half of the body or to the whole body. 

Operations were performed at the time 
when the animals were under the pre-ir- 
radiation anesthesia. The technique of 
adrenalectomy and of the sham-operations 
is recorded elsewhere.’ There were no 
deaths after adrenalectomy. When each 
operated animal was killed and its thymus 
removed, it was inspected to see if adrenal 
tissue could be seen. No accessory adrenal 
glands have vet been found in our labora- 
tory stock. 

On all occasions the choice of treatment 
and the order of treatment was determined 
by drawing cards. Roentgen irradiation was 
given with 250 kv. peak therapy settings, 
each with a stepped filter, half value layer 
of 1.2 mm. Cu. The beam was always 
directed upwards.‘ Operated rats were 
given 2,000 r at 78 r per minute, focal 
skin distance 62 cm., or 5,000 r at 276 or 
290 r per minute, focal skin distance 32 or 
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34 cm. The unoperated rats received their 
dose either at 5.9 r per minute, focal skin 
distance 1:2 cm., or at 276 r per minute; 
the results are separately recorded. The 
stated doses are "exposure" doses, 7.e., the 
dose measured in air at the position the 
center of an animal would occupy. 

The anesthetized rats were laid belly 
dowr on a piece of brown paper to mini- 
mize heat losses bv conduction to metal. 
When whole body irradiation was given, 
the paper was laid over a laver of cotton 
wool 1 cm. thick. When part body irradia- 
tion was given, the rat was placed partlv 
on the cotton wool and partly on a triple 
sheet ct lead, each sheet being 2 mm. thick. 
When enly the caudal or cephalic half of 
the body was to be irradiated, the rat was 
so arranged that the junction between the 
cotton wool and lead lay immediately under 
the margin of the rib cage as determined 
by palpation i situ. When the caudal 
quarter of the body was to be irradiated, 
the unction lay midway between the 
margin of the rib cage and the anus. 

After the radiation exposures had been 
made, the 4 rats of the litter were returned 
to their living cage for 48 hcurs and then 
killed. Most of the litters were deprived of 
all food for this period but drinking water 
was cvailable ad libitum. Salt supplements 
were net given. The thymus glands were 
dissected out and weighed; and the total 
DNA.phosphorus was extracted and deter- 
mined 3s described elsewhere” The thymus 
glands ef adult rats have not given as con- 
sistent results as the lymph nodes of adult 
rats or the thymus glands of young grow- 
ing rats, for reasons which are not under- 
stood. Physiologic involution is already 
beginning in the thymus of male rats of the 
age aad size used in these experiments. In 
one menth all the 5 litters examined gave 
DNA-P values averaging about half the 
values obtained earlier and later, even 
though lymph node determinations (on 
other animals) made during the same 
monta were within the expected normal 
range. Two other litters examined at other 
dates gave similarly low values but only 








the series of 5 has been omitted from the 
results. 

After all the biologic work had been done, 
measurements were made in a phantom of 
Mix-D wax (a tissue equivalent material) 
of the scattered dose which might have 
been expected to reach the thvmus as a 
result of irradiation of the caudal half of 
the body by the method described above. 
Baldwin BD» ionization chambers were 
used, with cylinders approximately 12 mm. 
deep and 9 mm. in diameter and a verv 
small air volume about 2 mm. from one end. 
The measurements were made with the gas 
volume 8-10 mm. from the ventral surface 
of the phantom and the chamber in the 
midline and in the position of the manu- 
brium of the sternum. In the anesthetized 
rats, the sternal notch was 6 cm. from the 
edge of the lead shield when the cauda! half 
of the body was irradiated and 9.: cm. 
away when the caudal quarter of the bodv 
was irradiated. The scattered dose in the 
phantom was determined when the central 
axis of the chamber was 5.5 cm. and 9.0 
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cm., respectively, from the edge of the lead. 
The dose rate was then 1.3 and o.5 per 
cent, respectively, of the dose rate meas- 
ured by the same chamber in the same 
position and with the same tube output 
but with the cranial half of the phantom 
irradiated instead of the caudal. 


RESULTS 


In order that the results can be directly 
compared with those of Leblond and 
Segal? the absolute values for thymic 
weight and DNA-P are given in Table i1 
but the ratio of the value in an irradiated 
rat to that of its unirradiated litter mate 
is perhaps a more valuable index of effect 
(Table mn). Comparisons within litters 
exclude a certain amount of between-litter 
variation and this may be especially useful 
in study of the thymus when its physio- 
logic involution is beginning. Young mature 
rats were deliberately chosen for this work 
because experiments on the thymus of 
recently weaned rats had already failed to 
show any specfic adrenal response to ir- 
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THYMIC WEIGHT IN INTACT AND ADRENALECTOMIZED RATS GIVEN 1,980- 3,680 r 
IRRADIATION TO THE ABDOMEN 





Results of First Series" 


(males only) 





Thymic 


nee No: of 
Weight 
T Rats 
(mg.) 

Control Rats 

Intact 190 7 

Adrenalectomized 183 4 
Abdominally Irradiated Rats 

Intact 59 7 

Adrenalectomized jus 6 
Trradiated Rats 

Intact pi 

Adrenalectomized G4 

* Computed by analysis of the combined results of the to series, 


+ Given as a percentage of the mean value in controls. 





Results of First and 
Second Series Combined* 
(males and females) 


Results of Second Series* 
(females only) 


Thymic Thymic 


: No. of : No. of 
Weight UE Weight PS 
E. Rats 5 Rats 
(mg.) (mg.) 
190 12 190 5 
208 6 258 2 
57 io $2 3 
150 9 134 3 


Mean Value for the Thymic Weight? 


* 
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THYMIC WEIGHT AND DNA-P ar 48 HOURS AFTER PART BODY IRRADIATION AND THE 
CHANGE IN BODY WEIGHT OVER THES 45 HOUR PERIOD 








Area Irradiated 











Caudal Half Caud 





al Hale Caudal Half Caudal Hal? Caudal Quarter 








Dose (r) 5,000 5,000 2,000 2,000 5,000 
Postirradiation Regimen Starved Fed Fed Starved Starved 
Age at Death (da) 52 52 53 57 62 
Body Weight of Sham-operat- 
ed Controls at Death (gm.) 159 213 198 178 199 
Changs ia Body 
Sham-operated Rats 
Control © +56) +6) — 32 (8) ~ 36 (3) 
Trradiated (6) —1i7 (5) — 10 (4) — 3o (8) — 31 (3) 
Adrenalectomized Rats 
Control —31 (6) —12 (5) — 9 (4) —33 (8) —34 (3) 
Irradiated —24 (4) —20 (5) —14 (4) —28 (5) — 35) 
Thymic Weight (mg.)* 
Control Rats 
Sham-operated 428 (6) 515 (5) £29 (4) 432 (8) 360 (3) 
Adrenalectomized $21 (6) 521 (5) 559 (4) 502 (8) 477 (3) 


Irradiated Rats 
Sham.operated 247 (6) 2 
Adrenalectomized 3 


a Me erin oe te i re 


Control Rats 


(5) 355 (4) 306 (8) 
3 (5) 439 € 


Total Thymus DNA-P (mg.)t 





(4) 391 (7) 


Sham-operated 1.9 (44) tr) 1.8 (34) 1.3 (30) 1.0 (27) 

Adrenalectomized 2.1 (40) 1.7 (31) 1.6 (31) 1.5 (31) 1.4 (29) 
Irradiated Rats 

Sham-operated 1.2 (48) 0.9 (34) 1.4 (37) 1.0 (33) 1.0 (28) 

Adrenalectomized 1.4 C51) 1.0 (33) 1.6 (35) 1. 1 (28) 1.3 (28) 





s in parentheses give the number of rats on which each meanewaiue is based. 


T The numbers in parentheses give the concentration of DNA-P (ug. /10 mg. thymus). 


radiation? and it was conceivable that such 
a response might be shown by more mature 
animals of an age and size comparable to 
those used by Leblond and Segal." For the 
same reason, male rats were used exclu- 
sively since the adrenal effect observed by 
these workers was found in male animals 
but not, apparently, in females (Table 1). 

Abdominal irradiation of rats with 2,000— 
5,000 r leads to a reduced food intake and 
to a loss in body weight of 7-10 per cent 
even at 48 hours, before diarrhea becomes 


gross. Adrenalectomy alone led to the same 
degree of loss in body weight as 2,000 r 
irradiation, but the combined effects of 
adreaalectomy and abdominal irradiation 
were less than the sum of the two alone, 
pres: mably because a reduced food intake 
is common to both (Table u). With com- 
plete deprivation of food, the loss in body 
weigat was slightly less in irradiated than 
in unirradiated animals, presumably be- 
caus of the gastric retention which follows 
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THYMIC WEIGHT AND DNA-P ar 48 HOURS AFTER PART BODY IRRADIATION SHOWN AS A PERCENTAGE 


OF THE VALUE IN THE USIRRADIATED LITTER MATE 





Area Irradiated 


(MEAN +sE)* 











Caudal Half Caudal Half Caudal Half Caudal Half Caudal Quarter 

Dose (r) $ ,000 5,000 2,000 2,000 5,000 

Postirradiation Regimen Starved Fed Fed Starved Starved 
Thymic Weight (4) (5) (7) (3) 

Sham-operated Rats s74 sot 5 714 94 X $ 

Adrenalectomized Rats 582 bit 8 78EG 94 t3 
Total Thymic DNA-P (4) (4) 5) (7) (3) 

Sham-operated Rats O8 +2 sot 5 Bot 14 7243 97t5 

62415 102 1$ Hgts go t6 


Adrenalectomized Rats 724 


* The numbers in parentheses give the number of litter {wate pairs 


In unirradiated animals starvation re- 
duced thymic weight, and in starved 
animals adrenalectomv increased it (Table 
1); thus, adrenalectomy in fed animals 
produced little change because 1t also led 
to a reduction in food intake. The DNA-P 
content of the thymus was less affected by 
these measures but, in all 17 pairs of starved 
litter mates, it was greater in the adrenal- 
ectomized than in the sham-operated 
animal. The effect of starvation alone can- 
not be determined from the data because 
of the variation in DNA.P between licters. 

The reduction in thymic weight aad in 
DNA.P in starved animals given 5,009 r to 
the caudal half of the body was propor- 
tionately the same in adrenalectomized and 
in sham-operated animals (Table 111) sug- 
gesting that the effect of abdominal irradia- 
tion on the thymus was not mediated via 
the adrenal glands. In fed animals chere 
was a statistically nonsignificant differ. 
ence in the direction expected if adrenal 
activity was relevant. 

In the experimental arrangement which 
was used, the adrenal glands were near the 
boundary between the directly irradiated 
and the shielded areas of the body and it 
was conceivable that the radiation dose 
which the adrenal glands received woudd be 
enough to damage them and so prevent an 
adrenal reaction which otherwise would 
have occurred. To check this point the 


on which the meen values are based. 


dose to the adrenal glands was reduced (a) 
by reducing the dose to the caudal half of 
the body to 2,000 r and (b) by giving 5,000 
r to the caudal quarter of the body, thus 
ensuring that only distant scattered radia- 
tion could reach the adrenal glands. In 
neither case (Table 11) was there a signifi- 
cant difference between sham-operated and 
adrenalectomized starved animals in the 
degree of reduction in thymic weight or 
DNA.P, though the effect of 5,000 r to 
the caudal quarter of the body was so 
small as to be in itself statistically non- 
significant. 

Experiments with 2,000 r abdominal ir- 
radiation were also done with food avail- 
able ad libitum and, as after 5,000 r, the 
effect of adrenalectomy was statistically 
nonsignificant. Nevertheless, it was notice- 
able after both the 5,000 r and 2,000 r 
doses that, in both thymic weight and 
thymic DNA-P, the differences between 
sham-operated and adrenalectomized rats 
were greater in fed than in starved animals 
(Table tr) and that the differences in the 
fed animals were always in the direction 
expected if adrenal activity played some 
part in mediating the effects of abdominal 
irradiation. However, in view of the well- 
known effect of irradiation on food intake 
and of food intake on the thymus gland 
(Table 11), it must be concluded that data 
on starved animals provide more reliable 
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THE DIRECT EFFECT OF IRRADIATION ON THE THYMIe WEIGHT AND DNA-P or MALE RATS 
48 HOURS AFTER EXPOSURE UNDER DIFFERENT EXPERIMENTAL CONDITIONS * 











Dose T hio: mic c DN A. p 





Posürrá- Thymic W Geht 
Rate Area Ir- Taen Age — MÀ MM 
(r/ radiated Boiten (da.) 25r ser 100 f 2sr sor 100 r 
min.) CUTE dose dase dose dose dose dose 
256 Cranial half Starved 45 89 cies 40 75 71 48 
51 75 7e 55 7 72 39 
5.9 Cranial half Starved $1 77 zt 40 70 $1 28 
57 80 72 37 84 45 38 
60 97 &o AS — = Sm 
s.g Whole body Starved S4 ze 6f 52 70 66 36 
57 go 66 38 96 69 36 
s.g Cranial half Food $1 95 "I 46 78 so 26 
ad libitum 52 86 =E 45 96 92 42 
56 81 be = " Em 





evidence on adrenal activity after irradia- 
tion than data derived from litters with 
access to food. 

After direct irradiation of the thymus, 
the concentration of DNA.P was slightly 
decreased, as would be expected, but, after 
irradiation of the caudal half of the body 
with a dose sufficiently large to atfect the 
thymus, the DNA-P concentration was in- 
creased in 7 of the 8 groups (Table 1). 
This interesting qualitative difference may 
be evidence for the existence of tissue 
dehydration following abdominal irradia- 
tion at a time before there is overt diarrhea. 

The Assessment of Scatter. One obvious 


* Each value is for an individual rat ee as the preentage of Fthati inis litter mate control. 





certein percentage of the direct dose rate, 
so two sets of experiments were made, at 
276 ~ per minute and at 5.9 r per minute, 
a dese rate of about 2 per cent of the 
276-2go r per minute used for the 5,000 r 
abdominal dose. The data are given in 
'Tab:e av and it can be seen that, if there 
were differences in effect between the two 
dose rates, between fed or starved animals, 
or between whole body or part body ir- 
radiztion, the differences were quantita- 
tively small. The pooled results may, 
therefore, be used legitimately as a calibra- 
tion curve for the data in Table ur on 
starred and sham-operated animals. 


factor to consider when examining the It can be seen that the effect on the 
effect of abdominal irradiation on the  thyraus of 2,000 r or 5,000 r to the caudal 


thymus is the direct radiation damage due 
to scattered radiation. Before any physical 
measurements of scatter were made, ani- 
mals were given small doses of radiation 
directly to the chest in order to provide a 
biologic calibration curve from which could 
be derived the direct dose required to pro- 
duce the amount of damage actually meas- 
ured after the different doses of abdominal 
irradiation. It was realized that the actual 
dose rate at the thymus due to scatter 
from abdominal irradiation would be a 


half of che body could be accounted for by 
scatser if the dose at the thymus due to 
scat-er was between 1.0 and 2.5 per cent 
of tke abdominal dose. At both doses the 
estimate from change in DNA-P was close 
to te estimate from change in thymic 
weight, averaging 1.2 per cent for the dose 
of 5 2co r and 2.1 per cent for the dose of 
2,009 r. After this deduction was made, 
direst measurement in a 200 gm. rat 
phax tem, irradiated in the standard experi- 
menca! manner, showed that the physically 
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scattered dose at the thymus was, in fact, 
of the order of just over 1 per cent. Simi- 
larly, the dose at the thymus from §.900 r 
to the caudal quarter of the body must 
have been rather less than 0.5 per cent, 
judging from the biologic calibration curve, 
and was measured physically as o.; per 
cent. For a variety of reasons, the physical 
measurements of scatter are inevitably only 
an approximate measurement of the dose 
due to scatter which is actually received 
by the thymus gland #7 vivo and the :gree- 
ment between the biologic and physical 
dosimetry is probably really quite gocd. 


DISCUSSION 


The results reported here differ ir two 


ways from those reported by Leblond and 
Segal (a) the degree of reducticn in 


de weight following a given dose of 


abdominal irradiation to sham-operated 
animals was considerably less than in their 
work, even though a larger fraction cf the 


body was irradiated; and (b) the effect of 


adrenalectomy was very much less than in 
the combined results reported by them, 
although it was quite similar to their second 
series as shown in Table 1 of this paper. 
There are several differences in the ex- 
perimental details which may have a bear- 
ing on the differences in the results. Their 
adrenalectomized and sham-operated ir- 
radiated rats were matched pairs, although 


their unirradiated controls were not 
matched with the irradiated animals, 
whereas our animals were always litter 


mates. Their animals were irradiated un- 
anesthetized and tied down to a beard; 
our animals were always unconscious. Their 
animals were adrenalectomized 2-5 days 
before irradiation and were quite sick at 
autopsy 48 hours later; in fact, it is srated 
that some died shortly before this time. 
(It is also stated that some animals were 
killed at 66 hours, although the results on 
all the animals appear to have been com- 
bined together.) Our animals were adrenal- 
ectomized immediatelv before irradiation; 
none died or were moribund at 48 hours, 
the time when all were killed. In both 
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cases the ventral surface of the rats faced 
the roentgen-ray tube and the duration of 


the radiation exposures was similar. The 
rat stocks must have differed, since the 
thymic weight of Leblond and Segal’s con- 


trols was about half that of our controls. 
It might be thought that anesthesia 
would produce sufficient anoxia to modify 
radiation responses in vivo. However, 
barbiturate anesthesia, as used here, did 
not appear to modify the response of the 
thymus in young rapidly growing rats to 
direct irradiation.” On the other hand, tving 
a conscious animal to a board might pos- 
sibly be a strong stress stimulus which 
would affect the thymus in sham-operated 
animals with intact adrenal glands but not 
in adrenalectomized animals. If so, the 
results of Leblond and Segal? could per- 
haps have been explained away as illus- 
trating the phenomenon of stress, with 
irradiation as a minor factor in the total 
situation. However, such an explanation 
cannot account for the results in Leblond 
and Segal's second series, as illustrated in 
Table 1, where the effect of the irradiation 
procedure in adrenalectomized animale was 
so substantial. The remaining factor, the 
variation in the length of time elapsing be- 
tween adrenalectomy and examination, is 
of unknown significance, and it must be 
concluded that no wholly valid explanation 
is available at present of our failure to con- 
firm the findings of Leblond and Segal. Our 
results did show that control of food intake 
is a necessary part of experiments designed 
to investigate adrenal activity after irradia- 
tion, and in other work reported elsewhere? 
a change in food intake after soo r ab- 
dominal irradiation was found to be a com- 
plete explanation of the changes in the 
thymus occurring 3-5 davs after exposure. 
The results recorded in Table 111 seem to 
show that the effect of abdominal irradia- 
tion on the thymus depended scarcely at 
all on adrenal activity. On the other hand, 
the degree of effect was just that expected 
from the scattered radiation which must 
inevitably be absorbed within the cells of 
the thymus gland whenever the abdomen 
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is irradiated. Using a localized abdominal 
dose of 3,564 rep of deuterons (RBE=1), 
Bond et al failed to detect any appreciable 
change in thymic weight until more than 
three days after irradiation and they con- 
cluded that “with a high energy deuteron 
beam lateral scatter from its path in tissue 
is negligible. 

It is, on the whole, a little surprising to 
find so little evidence of adrenal activity at 
48 hours after large doses of abdominal 
irradiation. In rats intestinal damage 
following lethal exposures leads to marked 
changes in the water and salt content of 
the body, which are grossly obvious bv 72 
hours. The equivocal evidence obtained in 
the present experiments that adrenal activ- 
ity might be a minor factor at 48 hours is 
perhaps consistent with increased adrenal 
activity at 72 hours. 

The changes in the weights of organs 
provide a simple means of following the 
evolution of radiation damage but changes 
in organ weight may not alwavs reflect 
proportionate changes in cell populations. 
In the thymus of the adult rat, DNA svn- 
thesis is normally small and, unless the rate 
of DNA synthesis within an organ can 
vary quite considerably, there is little error 
in taking DNA measurements as a more 
accurate reflection of cell population than 
change in organ weight. As against this, 
measurements of DNA may be less precise 
than simple measurements of weight (Table 
1v) but, on the whole, they are not much 
less accurate, Judging by the results re- 
ported here. With direct irradiation there 
is a decrease in DNA concentration; con- 
sequently, the DNA content of the thymus 
is a slightly more sensitive index of radia- 
tion etfect than the weight of the organ. 


SUMMARY 


1. The degree of damage to the thymus 
caused by direct irradiation with 25-100 r 
was not altered by a fifty fold change in 
dose rate. 

2. It was not possible to confirm the 
often-cited finding that the effect of ab- 
dominal irradiation on the thymus is due 
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to samulation of the adrenal gland. Ab- 
dommal irradiation of starved adult rats 
with 2,000 or 5,000 r caused a 25-40 per 
cent reduction in thymic DNA.P and in 
thymic weight 48 hours later. However, 
adrer alectomy scarcely modined the degree 
of change which could be almost wholly 
accoumred for by the scattered radiation 
whica is presumed to reach the thymus. 
Phys cal and biologic measurements of the 
scattered dose were in agreement. 

3- In control animals, adrenalectomy led 
to ar imcrease in the weight cf the thymus, 
starvation to a decrease. In view of the 
effec: of abdominal irradiation on food in- 
take and the effect of food intake on the 
thymus, evidence from starved animals is 
constlered to be more reliable than evi- 
dence from animals with free access to food 
when investigating the possible existence of 
absccpal effects of abdominal irradiation on 
the tavmus. 


R. H. Mole 

Medical Research Council 
Radiosiclogical Research Unit 
Harwel, Didcot 

Berksł ire, England 
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EFFECTS OF COMBINED ROENTGEN IRRADIATION 
AND CHEMOTHERAPY ON TRANSPLANTED 
TUMORS IN MICE* 


By HALVOR VERMUND, JAMES HODGE, 


with the technical as 
HERTA R. ENDER and BEVERLY E. 


MADISON, WISCONSIN 


NOMBINATIONS of irradiation and 
chemotherapeutic agents have been 


employed in treating tumors in animals as 
well as in man in the hope of improving the 
therapeutic effect. The voluminous litera- 
ture on this subject has been reviewed bv 
Bane et al? 

Heidelberger ef 47? studied the effect of a 
single dose of 1,500 r to 2,000 r of roentgen 
rays alone and in combination with s- 
fluorouracil (3-FU) 20 mg. /kg. for 7 days on 
the 755 mammary adenocarcinoma and 
the sarcoma 180 in mice. They reported 
complete disappearance of all tumors after 
28 to 31 days of observation. Both tumors 
continued to grow with s-FU treatment 
alone, while the roentgen-ray treatments 
arrested the growth of the sarcoma and in- 
hibited the mammary adenocarcinoma but 
did not cause complete regression. 

Hall e alt observed promising initial re- 
sponses in squamous cell carcinomas of the 
lung and the head and neck as well as in 
certain isolated tumors of other origin, but 
no long term effects were mentioned. 

The purpose of this paper is to report on 


the enhanced effect of multiple exposures of 


local roentgen irradiation given in conjunc- 
tion with the antimetabolite z-fluorouracil,* 
the antibiotic actinomycin P;* (P4) and the 
alkvlating agent Cytoxan* on transplanted 
sarcoma 180 in Swiss Webster albino and 
mammary adenocarcinoma in Z inbred 
mice. 

* s-fluorouracil was supplied by Hoffmann-LaRoche, Inc; 


actinomycin Py by Chas. Pfizer and Co., Inc; and Cytoxan by 
Mead Johnson & Company. 
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MATERIAL AND METHODS 


TRANSPLANTATION OF TUMORS 


Female Swiss Webster albino mice 
weighing 25 to 30 gm. (9 to 1: weeks of age) 
from Taconic Farms, Germantown, New 
York, were used for maintaining the sar- 


coma 180 originally obtained from the Wis- 
consin Alumni Research Foundation 
throwh the McArdle Memorial Labora- 
tory 


Male Z (Bittner C3H) mice weighing 20 
to 25 am. (6 to 10 weeks of age) bred by 
sister to brother matings in our laboratories 
were used for transplanting the mammary 
aderoearcinoma which originated spon- 
taneously in one of the older female mice. 
While the sarcoma 180 had been trans- 
ferred over innumerable generations in dif- 
ferent hosts, the adenocarcinoma in Z mice 
had been transferred only twice by serial 
transplantation in young Z male mice. 

Tae transplantation was performed by 
injecting a 10 per cent suspension of fresh 
wet tumor tissue pulp from the tissue press 
in sterile physiologic saline. A volume of 
0.06 ml. was injected subcutaneously into 
the ventral aspect of the right hind leg. The 
tumor growth was relatively uniform with 
clos: to roo per cent takes with both 
tumors. The sarcoma 180 produced pal- 

pab e rumor nodules 4 to 5 days after trans- 
lis tation and the average survival in the 
untrea ben groups varied between 15.4 and 









ne had a slower growth 
rate and produced palpable tumor nodules 
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after a latent period of about 2 to 3 weeks. 
The tumors in nontreated control mice 
always grew progressively until the. be- 
came huge, ulcerated, and infected: the 
animals died usually within ro weeks The 
mice were kept at a room temperati re of 
75 to 80° F. under standard labor itory 

conditions in suspended wire-bottom cages, 
and fed Purina fox chow and tap water ad 
libitum. They were examined at week v in- 
tervals, weighed and the tumors measured 
with calipers. 


IRRADIATION 


The x-ray treatments were started — or 5 
days after transplantation of the sarcoma 
180, and after 2 to 3 weeks in the case of the 
adenocarcinoma, and only after a definite 


tumor nodule could be palpated and meas- 


ured. The treatments were given wth a 
superficial x-ray machine operated a- 140 
kv. peak with 1 mm. aluminum filter ot 15 


cm. focal skin distance, and a dose r: re of 
232410 per cent r/min., as determined 
with Victoreen thimble ionization chambers 
inserted at the position of the tumors The 
half value laver was 4 mm. of alumi sum. 
The treatments were given locally to the 
right leg with the tumor transplant secured 
in the radiation field by small battery 
clamps attached to the feet, while thc rest 
of the body was outside a lead cyl ader 
mounted on the x-rav machine tube hous- 
ing. This set-up ensured constant geo- 
metric relationships between the tumors 
and the radiation beam. In spite of a rather 
pronounced anode effect at this short dis- 
tance, a uniform dose was given bv ran- 
domization of the animals in theradiation 
device. No anesthetic was administerec and 
the mice were under little stress while b being 
irradiated. Ten mice were irradiated sanul- 
taneouslv. 

The radiation treatments were kept uni- 
form in all experiments, using a daily dose 
of 300 r for § consecutive days per week 
until a total of 17 treatments had been 
given or a total accumulated dose of 5, oor 
over a period of 23 davs. In one experiment 
a lower dose was used, 250 r on alternate 
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days for a total dose of 3,000 r. The ra- 
tionale for employing the above dosage 
schedules was to approximate those fre- 
quently used in patients. 


CHEMOTHERAPY 

Preliminary toxicity studies were carried 
outon tumor bearing and normal mice with 
each of the compounds to determine the 
maximal dose that could be tolerated. The 
s-fluorouracil was injected intraperitoneally 
while actinomycin P, and Cytoxan were 
given intravenously in volumes of about 
o.2 ml. The s-fluorouracil was dissolved in 
sterile physiologic saline, the actinomycin 
Ps in a ¢ per cent (V, V) aqueous acetone 
solution and the Cytoxan in sterile double 
distilled water. The largest dose which did 
not result in any death among a large 
number of mice was chosen for the com- 
bined therapy and was as follows: 


5fuorouracil: 
(1) Swiss albino mice: 


35 mg./ kg. animal body weight daily for 
5 days or the same dose for 4 days fol- 


lowed by 17.5 mg. kg. on the fifth day 
and then twice weekly for 2 weeks 
(Table 1) 

(2) Z mice: 
30 or 35 mg. kg. animal body wieght 


daily for § days (Table 11). 


dctinomvein Py: 
Swiss albino mice: 
1.4 mg. kg. animal body weight for 5 
davs or the same dose for 4 davs followed 
by 0.7 mg. kg. on the fifth day and then 
twice e weekly for 2 weeks, or 1.0 mg. “kg. 
for 3 days followed by o.g mg. kg. on the 


fourth day and then twice weekly for 2 
weeks (T “able 1) 1). 


Cytoxan: 
Swiss albino mice: 
§ to 36 mg. kg. animal body weight for 
3 d. followed by 12.5 to 18 mg. kg. on 
the fourth dav and then twice w eekly for 
2 weeks (T able 1). 


The injections of the chemicals were started 
in the case of the sarcoma 180, 8 days and 
with the mammary adenocarcinoma, 2 Dts 
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SURVIVAL OF MICE BEARING SARCOMA 180 





No. with 
Complete 
Regression 


No. of Chemical Dose X-ray Dose Average Survival 
Mice (mg./kg.) (r m 53 days) (days t S.E.) 


Treatment 




















Controls 9 o [e] 25.64.85 o 
-FU and x-rays 9 35 X4 
17.5X6 5.100 73-9Ł44.1! 6 
Actinomycin Pand x-rays g p 
0.5 X6 5.100 62.1:t 3.9! 4 
Controls 10 o o 18.8 E 3.3 [e] 
s-FU alone 10 35 Xs o 24.5 3.4* o 
-FU and x-rays 10 35 X4 5.300 62.8 7.23 2 
17.5X5$ 
Actinomycin Ps and x-rays 10 1.4X4 5 100 49.2 t 9.0* 2 
0.7X5 
Controls 9 o o 15:4 ee | o 
Actinomycin P» alone 9 1.4X5 o 14.9 1.1 o 
X.rays alone 9 Oo $.100 Wot ga o 
Actinomycin Ps and x-rays 10 I.4X$ $.100 63.44 12.34 4 
Controls 10 o o 27.3£3.9 o 
X-rays alone Io o 5. o0 56.93 5.35 3 
Cytoxan alone 10 33 3 
16.5 X7 o 29.9 6.1 o 
Cytoxan alone 10 36 X3 o 31.5 £5.9 1 
I8 X7 
Cytoxan and x-rays 10 33 3 $.100 61.6 t 7.45 4 
16.5X7 
Cytoxan and x-rays IO 36 X3 5 100 g0.8+5.0 I 
18. X; 
Control 9 o o 1.0+4.1 o 
X-rays alone 9 o 5 100 39.8 £4.75 I 
Cytoxan alone 9 25 X3 o 22.7 4.7 o 
12.5X7 
Cytoxan alone g RO X3 o 21.2b e [e 
I5 X7 
Cytoxan and x-rays 9 25 X3 5.100 14.8 36.1 o 
12.5 X7 
Cytoxan and x-rays G 30 Xi ICO 49.8 2,7 1 
IS X7 
$-FU and x-rays 9 35 X4 5.100 40.6 +6 1 
17.5 X6 





-FU and x-rays versus nomycin P» and x-rays 

ontrols versus z-FU alone P-o. 25. 

SFU and x-rays versus actinomycin P: and x-rays SUA 
nificance of lieten: x-rays alone versus actinomycin P» and x-rays Passt. 
ignificant difference between x- rays alone and Cytoxan and x-rays. 

8 |: Signife ance of difference: x-rays alone versus Cytoxan and x-rays P 0.59. 


! Significance of differenc 
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iest No. of Chemieal Dose 
satmen : 

TERENS Mice (mg. kg.) 
Controls 4 o 
s-FU alone 5 BERS 
X-rays alone 5 o 
X-rays and 5-FU 4 TRAS 
Controls 7 o 
$-F'U alone 7 JOS 
X-rays alone 5 o 
s-FU and x-rays 7 302% 5 
Controls 12 o 
$-FU alone 12 BOR S 
X-rays alone 12 o 
-FU and x-rays 12 BOK § 
Controls 10 o 
X-rays alone 10 o 
-FU and x-rays io 30.% § 


1 No significant difference between x-rays alone verso 
? Significance of difference: x-rays alone versus <-FL 














100 1 Ass 
be | b 7 on 
Fol N 
^ 20 . 

e 
0 pie 
5 6 é 
C 
s Control . e 
mr 5 Fy+X-rays ave 
e P+ X-rays "NI 
e» 
= S— 
RE 2t 
Su NEP 
CTN l í 

T E 
€ (9c are RD TIE. 
En e : j 
= 10 : " 


20 40 60 80 
Days After Transplant 





s-FU and x-rays 
and x-rays P=c 


: l No. with 
X-ray Dose 





8 Complete 
ir) à : 
: Regression 
o Oo 
o o 
3,000 in 28 days o 
3,000 in 28 days o 
o o 
o o 
5,1090 in 23 days o 
5,100 in 23 days o 
o ILOS o 
o 42.02.56 o 
5,100 in 23 days SLIEN o 
5,100 in 23 days 72 i 1 








o 43.5 E 1.2 a 
§,100 In 23 days $3.8 2.6? o 
5,100 In 23 days 71.2 t 1,8? o 








weeks after the transplantation when the 
tumors were distinctly palpable and meas- 
urable. 
RESULTS 

Each group of animals was analyzed 
with respect to the survival times of the 
tumor bearing animals expressed in terms 
of the average survival (Table 1 and 11) and 
in terms of fraction surviving at different 
time intervals (Fig. 1-9). The growth rates 
of the tumor transplants were computed as 
average tumor size expressed by the prod- 
ucts of two opposing diameters and the 
average body weights at different time 
intervals also recorded (Fig. 1-9). The 
number of animals exhibiting complete 
tumor regression are listed in Table r and 
H. 


Fic. 1. A comparison of effects of s-FU and x-rays 
with Ps and x-rays on tumor size of sarcoma 180 
and on survival time and weight curves of their 
hosts. 
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The results fall in two separate groups: 
(a) those obtained with sarcoma 180 in 
albino Swiss Webster mice, and (b) those 
obtained with mammary adenocarcinoma 
in inbred mice of the Z strain. 

Sarcoma 1S0. In the analysis of the sur- 
vival times, it was apparent that the ani- 
mals which received combined s-fluoro- 
uracil and x-ray therapy outlived all the 
others. The average survival times in two 
ditferent experiments were 73.9 and 62.8 
days, respectively, as compared with 25.6 
and 18.8 davs in the nonirradiated controls 
and 62.1 and 49.2 davs in animals receiving 
combined actinomycin Ps and x-ray treat- 
ments. The difference between combined 
treatments with s-fluorouracil and x-rays 
and actinomycin P, and x-rays was signifi- 
cant in the first experiment (P —0.0:). 

In the analysis of the growth rates of the 


100 p No " 


s e \ 


\ 


id EE ge a a 


/ 


> 
c 
7r 


Survival % 
3 


DD 
c 
M 





= 











Sb / 
2 | / ol 9—— —o 
~< f u oe 
Ss P / 5 Fu+X-rays aa 
ed at hd B+X-rays 00 
2 / 
= 2 f . a 7 / n d As ue 
e 10 MÀN. 
E +5 
=e e 
= 3 4 Sie me renee. 

40 60 80 





Days After Transplant 


ic, 2. A comparison of effects of s-FU, s-FU and 
x-rays, and Ps and x-rays on tumor size of sar- 
coma 180 and on survival time and weight curves 
of their hosts, 
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Fic. 3. & comparison of effects of Ps, x-rays, and P, 
and x-rays on tumor size of sarcoma 180 and on 
survival time and weight curves of their hosts. 


tumors, a marked inhibition was evident in 
the group which received combined treat- 
ments when compared with the less pro- 
nounced effect from chemotherapy or x-ray 
therapy alone. This was demonstrated 
when irradiation in combination with both 
§-flucreuracil and actinomycin P, was used 
as shewn in Figure 1, 2 and 3. 

In 8 out of 19 animals treated with s- 
fluorcusccil and x-rays and in 10 out of 29 
treated with actinomycin Ps and x-rays, 
compete tumor regression occurred. Ir- 
radia-ier alone failed to produce complete 
tumo- regression although tumor growth 
was retarded; nevertheless, all animals died 
with grewing tumors (Fig. 3). The average 
survival time in this group was 38.6 days, 
as compared with 15.4 days in the control 
and 63.4 days in the group receiving com- 
bined treatment with actinomycin P, and 
x-rays. The ditference between the average 
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Fic. 4. A comparison of effects of Cytoxan, Cytoxan 
and x-rays, and 5-FU and x-rays on tumor size of 
sarcoma 180 and on survival time and weight 
curves of their hosts. 


survival of animals treated with z-ravs 
alone and those receiving combined aztino- 
mycin Py and x-ray treatment is en the 
borderline of statistical significance (P 
=0.08). In this experiment the combined 
therapy resulted in complete tumor re- 
gression in 4 out ot 10 animals while no re- 
gr ession resulted from x- ray treat ments 
alone. Similarly, s-Auorouracil or actino- 
mycin P. alone failed to arrest the g-owth 
of these tumors (Fig. 2 and 3). 

Owing to the fact that many of the ani- 
mals which received combined treat nents 
were still alive at the time of writing, the 
average survival rate expressed in the 
tables is minimal and will obvious v in- 
crease as long as these animals survive. 
Thus, the differences observed will become 
more significant, since all animals which re- 
ceived chemotherapy or X-ray treat nents 
alone are dead. 
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In the analysis of the weight curves, it 
became apparent that the combined ther- 
apy resulted in no more weight loss than 
did the chemotherapy alone. All animals 
which showed complete tumor regression 
rapidly regained their weight. Slightly 
greater weight loss occurred with actino- 
mycin P, and x-rays than with 5-fluoro- 
uracil and x- rays s (Fig. 1 1,2 and 3). 

The two experiments with Cvtoxan are 
still incomplete. The data obtained suggest 
that Cvtoxan alone in the dose levels em- 
ploved could not arrest the growth of the 
tumor nor increase the survival of the ani- 
mals (Fig. 4 4 and 5). Cytoxan administered 
in neten with x-rays in dose levels of 
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Fic. s. A comparison of effect of Cytoxan, Cytoxan 
and x-rays, and 5-FU and x-rays on tumor size of 
sarcoma 180 and on survival time and weight 
curves of their hosts. 
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36 mg./kg. animal body weight appeared 
too toxic and 25 mg./kg. had no increased 
effect on the tumor as compared with x- 
rays alone. Cytoxan administered in com- 
bination with x-rays in dose levels of 30 or 
33 mg./kg. proved quite effective, how- 
ever, and caused complete tumor regres- 
sion in 4 out of 10 animals in one experi- 
ment and in 1 out of g in the other. Our 
data suggested the importance of choosing 
the optimal dose of the chemical for achiev- 
ing enhanced radiation effects on the 
tumors (Table r). 

The average survival so far compares 
favorably with that obtained with com- 
bined c-fluorouracil and x-ray treatments in 
these experiments. Irradiation alone pro- 
duced complete tumor regression in 3 out of 
10 animals of the first and in 1 out of g 
animals of the second experiment, empha- 
sizing that further studies are needed before 
definite conclusions can be drawn regard- 
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Fra, 6. A comparison of effects of §-FU, x-rays, and 
s-FU and x-rays on tumor size of mammary 
adenocarcinoma and on survival time and weight 
curves of their hosts. 
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ing eahancement of radiation effects on the 
tumors by Cvtoxan. 

Menmary Adenocarcinoma in Z Mice. 
Experiment No. 1 (Table 11) represented a 
prelimiaary study with small groups of 
animals. The doses of s-Huorouracil and x- 
rays proved unsatisfactory. These were 
subseqvently changed as the dose of ;-FU 
proved too toxic and the x-ray dose in- 
adequaze. In the second experiment with 7 
animals per group, the combination of 
x-rays and 5-FU treatments resulted in 
some increase in the average survival time 
as compared to x-ray treatments alone, but 
the diterence was not statistically signifi- 
cant. AR mice died with growing tumors. 
The weght loss was slight (Fig. 6 and 7). 

In subsequent experiments larger num- 
bers əf rumor bearing animals were used. 
Those that received combined x-ray and 5- 
FU treatments showed a statistically 
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Fro. 8. A comparison of effects of 5-FU, x-ra«s, and 
s-FU and x-rays on tumor size of mammary 
adenocarcinoma and on survival time and weight 
curves of their hosts. 


significant increase in the average survival 
time when compared with mice treated 
with x-rays alone (72.8 and 71.2 days as 
compared with 42 and 53.8 days, with 
P —.oor in both experiments). All animals 
died, however, from progressive tumor 
growth with 1 exception. In this single 
mouse the tumor regressed complete-v and 
the animal is still alive, rco days after the 
transplantation. The slight loss in : nimal 
body weight suggested a minimum. of 
toxicity (Fig. 8 and 9). In three experi- 
ments the growth of the tumors was more 
inhibited by the combined treatments than 
by either chemotherapy or roentger ther- 
apy alone. 


DISCUSSION 


These experiments were initiated after 
attempts at evaluating the possible merits 
of combined chemotherapy and roentgen 
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therapy in far advanced malignancy in 
humans had given inconclusive results in 
our institution. Suitable controls in the 
human studies reported were noticeably 
absent so that an enhanced antitumor effect 
bv the combination could not be proved 
unequivocally. 

The ready availability of animal controls 
and the employment of the same tumor in 
all animals in terms of quantity and time 
of inoculation obviate the shortcomings of 
the human studies. 

The limitations of studies of this nature 
in terms of applying the results to clinical 
work are well recognized. Such limitations 
are, however, inherent in any type of 
screening of chemical agents against animal 
tumors. A good example is the failure of 5- 
fluorouracil administered alone to produce 
regression of established transplanted 
mouse tumors even when given in near 
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and x-rays on tumor size of mammary adeno- 
carcinoma and on survival time and weight curves 
of their hosts. 
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lethal doses when it has been demonstrated 
repeatedly that this compound may result 
in dramatic regression of advanced tumors 
of the breast, colon and ovary in the human.’ 

Spontaneous tumors in inbred mice may 
be preferable for this tvpe of work but they 
are not readily available in the large num- 
bers necessary for statistical studies. 
Furthermore, there is no assurance that 
results obtained with spontaneous tumors 
have more validity in human tumors than 
those obtained with transplanted tumors. 
The great variety of tumors in the human 
precludes any generalization as to the 
merits of combined chemo- and roentgen 
therapy based on results obtained in animal 
experimentation, 

Certain chemotherapeutic agents have 
shown a preferential antitumor activity 
against certain types of malignant neo- 
plasms. As all three agents studied in com- 
bination with x-ray therapy showed an in- 
creased effect over x-ray therapy alone, the 
compound most likely to produce a re- 
sponse in a given tumor could be chosen for 
the combined treatment. 

Reports from our institution had previ- 
ously pointed out that irradiation to large 
flat bones as in the pelvis resulted in 
marked leukopenia when fluoropyrimidines 
were subsequently administered.’ This phe- 
nomenon was also observed when Cytoxan 
was given subsequent to pelvic irradiation. 
Actinomycin Ps, however, did not produce 
leukopenia in our animal and human 
studies and lent itself admirably to combi- 
nation treatment with irradiation, 


CONCLUSIONS 


Sarcoma 180 transplanted to Swiss 
Webster albino mice and mammary adeno- 
carcinoma, originating spontaneously in 
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inbred Z (C3H) mice and transplanted for 
two generations in the same strain, were 
usec for studies on the effects of combined 
cheris- and roentgen therapy. 

T-eatments with s-fluorouracil, actino- 
myar Psor Cytoxan and fractionated x-ray 
therapy resulted in increased inhibition of 
the growth of the tumors as well as pro- 
longed survival of the animals when com- 
pared with either chemotherapy or x-ray 
therapy alone. 

Farther studies in an attempt to deter- 
mine the optimal time dose relationship in 
a wrler spectrum of tumors are being pur- 
suec currentlv at our institution. 


Halvor Vermund, M.D. 

University of Wisconsin School of Medicine 
1300 antversity Avenue 

Madison 6, Wisconsin 
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IN VIVO DOSIMETRY WITH MINIATURE GLASS RODS* 


PART I. PHYSICAL ASPECTS AND RECENT DEVELOPMENTS 


By STANLEY J. MALSKY, CHARLES G. AMATO, CYPRIAN B. REID, 
CHARLES SPRECKELS aad L. MADDALONE 


BRONX, NEW YORK 


HE glass dosimetert employed weighs 
approximately 830 ug, Is 1 mm. in 
diameter and 6 mm. in over-all length. Its 
use Is based upon the principle of radio- 
photoluminescence,f a phenomenon first 
described by Prizbran'® thirty-four vears 


ago. 


PRINCIPLE AND DESIGN 


The dosimeter is comprised of a glass 
host consisting of barium-potassium-alumi- 
num metaphosphate containing a deliber- 
ately added impurity, silver metaphos- 
phate, which acts as the source of the 
fluorescent activator. The transmissien or 
absorption of ionizing radiation produces 
many eftects, only three of which are of 
interest in this presentation. They arc: the 
production of photoelectrons, the dissocia- 
tion of the silver metaphosphate, and the 
reduction of tonic silver to metallic silver. 
The last effect is irreversible. When ionic 
silver is exposed to ultraviolet light, it ab- 
sorbs, transmits or reflects the ultraviolet 
rays. However, the metallic silver will alter 
the frequency and hence the wave length of 
the incident ultraviolet excitation. The re- 
sult is the emission of an orange-vellow flu- 
orescence, the intensitv of which is directly 
proportional to the number of metallic 
silver fluorescent centers present, and hence 
is directly related to the cumulative radia- 
tion exposure. Bv the proper use of optical 
by-pass filters and a photomultiplier tube, 
the fluorescence can be converted into a 
direct current signal. Due to thelinear rela- 


t Both regular composition and low Z glass are obtainasle from 
the Bausch and Lomb Optical Co. 

X Radiophotoluminescence is a phenomenon whereby a mate- 
rial, originally nontuminescent under visible or ultravielet light, 
is made responsive to such light excitation by exposure-to roent- 
gen or gamma radiation, 
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Vic. t. The glass dosimeters are mounted perpendicu- 
lar to the ultraviolet source. Fluorescence output 
is proportional to the amount of radiation re- 
ceived, 


tionships present, a relative dosimetry sys- 
tem results. f 

Figure 1 illustrates the method by which 
the fluorescence is produced and converted 
to an electrical signal. The needles are read 
in this fluorimeter, called a reader. The 
reader system emploved in this investiga- 
tion is one developed by Dr. Schulman and 
his associates!" of the U. S. Naval Re- 
search Laboratory. 

Figure 2 is a block diagram of the entire 
reader. The use of an isolating transformer, 
the autotransformer and the two monitor- 
ing voltmeters was an experimental precau- 
tion and need not be employed during rou- 
tine work. 

Figure 3 is a schematic diagram of a 
balanced bridge electrometer amplifier de- 
signed by Caldwell* and modified by our 
staff. The range selection is obtained by 
placing a voltage divider in the input 
circuit. Batteries supply filament, grid and 


* From the Radiophystes Research Section, Radiotherapy Service, Veterans Administration Hospital, Bronx, New York. 
Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
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plate voltage. The value of the screen grid 
resistor (shown as 27,000 ohms) must be 
experimentally determined. The proper 
value permits the current in the arms of the 
bridge to be balanced when no input signal 
is applied and the zero potentiometer is in 
its midposition. This resistance value must 
be redetermined whenever any circuit 
parameter is altered. 

The reader just described can be assem- 
bled for about $600.00. A commercially 
available reader is under development.* If 
this reader is used, its linearity and range 
must be critically evaluated. Any reader 
should exhibit a linear response and should 
read up to 10,000 r. A radiation detector 
should be energy and rate independent and 
should have either a linear or log response. 

Numerous articles have been published 
in the literature relating to the phvsical 
characteristics." We are continuing in- 
vestigations into those properties displayed 
by the regular glass dosimeter and that of 
the low Z glass (containing lithium-manga- 
nese-aluminum metaphosphate).'?" Both 
types of microdosimeter glass can read up 
to 15,000 r (with shields), and beyond this 
limit by measuring the change in optical 
transmission. The unshielded or bare glass 
must be considered energy dependent 
whenever photon energies of less than 1 
mev. are encountered. To overcome this, 
proper shielding must be provided.'? This 
was one of the goals of our work, when a 
minimum diameter shield was evolved so 
that the entire assembly would permit 
human iv vivo measurements. Toxic mate- 
rials were eliminated from consideration as a 
shield material. Minimum wall thickness 
requirements suggested the use of pure gold 
or platinum; gold was selected due to cost 
considerations and ease of fabrication. 

Figure 4 illustrates a prototype of our final 
shield design. A properly designed shield 
must admit a percentage of the softer com- 
ponent of the beam. If the shield is not 
properly designed, the dosimeter may fail 


* Literature is available from the Bausch and Lomb Optical 
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Fira. 2. Block diagram of microcosimeter reader. 


to reeord either a major or important com- 
ponent of the radiation field being meas- 
ured. To permit recording of lower energy 
gamma or roentgen rays, a series of small 
holes or portals was drilled into the shield 
wal. Number 80 drill bits were emploved. 
Four so forty portal areas were evaluated 
with varying wall thicknesses and a definite 
correlation was found between'the portal 
arez and the surface-to-depth response. 
The final design indicates that the gold 
wal. thickness for the regular glass needle 
sho ik be 17 mils while for the low Z glass 
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Fic. 3. 3alanced bridge electrometer amplifier. Three 
raag« selector switch allows a wide range of read- 
ings. 
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Fic. 4. Prototype of final gold shield to correct for energy dependence in the 


photon energ 


needle it should be ro mils. With the proper 
wall thickness and open portal area. the 
dosimeter should then be energy indep end- 
ent over the photon energy range of 0.25 
to 1.33 mev. 


APPLICATIONS 


Gamma ray spectroscopy. Due te the 
relationship between photon energy an 1 the 
mass absorption cross section for a civen 
material, any properly and differenzially 
shielded radiation detector may serve as a 
spectrometer if the techniques of absorp- 
tion spectroscopy are applied. S:lber- 
stein?^? outlined the basic mathem tical 
techniques required for continuous roent- 
gen-ray spectra. Bell? Jones" and G-een- 
ing? have published analyses of Silberssein's 
method. Greenfield ef 24/5 developed a 
digital computer code to obtain spectral 
distributions from a filtration system. À set 
of at least seven shields of different wall 
thicknesses is required. Figure 5 shows a set 
of filters that the authors have employ sd. A 
plot of the resulting dosimeter rea-lings 


against wall thickness vields a filtration 


range of 0.25 to 1.33 mev. 


curve. Use mav be made of this curve to 
establish an. empirical relationship. which 
should, upon proper mathematical treat- 
ment, vield the spectral distribution. Use of 
the glass needles would appear attractive; 
however, before emploving them certain 
limitations must be noted: (1) the detector 
must be energy independent in the energy 





Fic. g. A series of filters for use in absorption spectros- 
copy. Wall thicknesses vary from : mil (lower 
right) to 24 mils (upper left). 
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regions of interest, or, if it is energy depend- 
ent, this problem can be resolved by (a) 
suitable correction coefficients or (b) the 
creation of an energy independent shield; 
and (2) the mathematical formulation must 
permit analysis not only of a continuous 
spectrum, but also of a discrete spectrum, 
produced by either isotopes or neutron 
capture gamma rays. 

Gamma neutron determinations. Kondo" 
established the relative neutron insensi- 
tivitv of these needles. This has been con- 
firmed in our studies. There is almost no 
response to fast neutrons and a response 
giving a reading of 1 r for every §X10° 
NVT of thermal neutrons.” Workers at the 
Oak Ridge National Laboratory? believe 
the volume of the dosimeter justifies the 
cost of enriched Li* shields to eliminate 
thermal neutron response and permit 
gamma dosimetry in the presence of an 
intense neutron beam. One approach that 
might provide a more economical solution 
is the use of neutron shields composed of 
commercially available brazing material. 
Such allovs contain varying percentages 
of cadmium combined with gold and zinc or 
copper. While such a shield wil! not elimi- 
nate activation of the glass, it will reduce 
this to an acceptable level. The contribu- 
tion of neutron capture gamma rays origi- 
nating within the shield should also be 
insignificant. Preliminary work using bare 
and boron shielded dosimeters has been 
encouraging. 

Neutron spectrometer. One other possible 
area of application is the use of the needle 
as a crude neutron spectrometer. Since the 
needle composition is known and an analv- 
sis of the decay spectrum is possible, the 
decay products can be identified and corre- 
lated with neutron energy. For instance, 
Na?! would be produced by the n, o reaction 
with AP". The threshold for this reaction is 
slightly over 8 mev., thereby indicating the 
presence or absence of an energetic neutron 


In Vizo Dosimetry with Glass Rods . 


71 


Ux 


beara component. The decay of the Ag! 
isomer could be used to measure thermal 
neut-ons. ` 

SUMMARY 


The radiophotoluminescent glass do- 
simer can be employed tc measure radia- 
tion within the human sys:em and a rela- 
tive calibration system can be obtained for 
standard techniques of calibration. 

2. Although the dosimeter is energy 
deper dent for various photon energies, this 
facte can be eliminated in part for a spe- 
cific photon range bv the vse of a suitable 
shiek. 

3. The use of a low Z ccmposition glass 
makzs possible a reduction in the wall 
thickaess of the gold emploved in the shield 
mate ial. 

4. The glass dosimeter can be used in 
vive > obtain a gamma ray spectrum with 
the zd of accepted techniques of absorption 
spec—oscopy. However, machine calcula- 
tions are necessary due to the mathematical 
anal«sis required. 

z. The glass dosimeter can be used, with 
a su cable lithium shield, for the measure- 
ment of gamma rays in the presence of 
intense neutrons. 

The glass is being investigated for 
poss le use in a neutron spectrometer. 

The bare dosimeter is being investi- 
gate: for total and partial absorption of 
varias energy beta rays 
Stanis» J. Malsky, M.Sc. 

Veteszns Administration Hospital 
ao Best Kingsbridge Road 
Bron« 68, New York 
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IN VIVO DOSIMETRY WITH GOLD-SHEATHED 
: MINIATURE GLASS RODS* 


PART II. CLINICAL APPLICATIONS IN RADIATION THERAPY 


By BERNARD ROSWIT, M.D. 


BRONX, NEW YORK 


I? RADIATION treatment of deep 

seated human cancer, there is an cut- 
standing need for a miniature radiation 
detector by which to measure dosage with 
accuracy and with ease in all body tissues 
and spaces. Particularly is this so today 
when high energy and nuclear sources have 
become widely available for more radical 
cancer therapy—with greater risk to criti- 
cal normal structures. It is generally agreed 
that radiation measurements within the 
body are far more dependable than calcula- 
tions or phantom values. With this objec- 
tive we surveyed existing detector systems, 
such as air-cavity units, Geige r- Müller 
counters and scintillation crystals. We 
could find no single instrument which fully 
satisfied our criteria for an “ideal” ix rivo 
dosimeter for routine clinical use (Tabie 1). 


I. THE UNSHIELDED RADIOPHOTOLUM I- 
NESCENT GLASS ROD 
A, PHYSICAL CHARACTERISTICS 


A tiny photoluminescent glass rod crigi- 
nated by Schulman and his associates??? 
appeared to offer the most fruitful possi- 
bilities as a practical clinical dosimeter. Its 
physical characteristics have been described 
by these investigstors, by our own group, |> 
447 and by others. Part 1 of our 
study deals in detail with this development 
in our laboratory (see preceding article). 

Briefly, the dosimeter consists of a cy- 
lindrical rod of silver-activated glass con- 
taining potassium, barium, aluminum and 
phosphate. It measures 1 mm. in diameter 
by 6 mm. in length. 

Under irradiation, the positive silver ions 
are converted to stable silver atoms 
through capture of electrons ejected from 


Tasre E 


“IDEAL” 


CRITERIA FOR AN IN VIVO DOSIMETER 





1. Miniature size (about 1X10 mm.) 
Reasonable clinical accuracy (within +10 per 
cent) 
Wide therapeutic dose range (from £o r to 10,000 
r) 

4. Freedom from electrical shock hazard (no cables) 

5. Stability under rugged clinical conditions 

6. Applicability in multiple units for homogeneity 

studies 
. Easy identification within the body and upon 
removal 

8. Integration of repeated daily exposures (up to 
10,000 r cumulative dose) 

9. Independence of beam direction within the body 

to. Temperature and humidity independence at rea- 
sonable levels 

11, Independence of dose rate variations 

12. Nontoxic to human tissues 

13. Unaffected by human secretions or excretions 

14. Permanent dose recording in detector, for fature 
reference 

15. Re-usable-—after simple processing 

16. Energy independence in the entire spectrum of 
therapeutic radiation now utilized for treat- 
ment of deep seated cancer 

17. Correct reading in the whole range of energies 
most likely to be encountered within the body, 
regardless of portal size or depth in tissue 

18. Reproducibility of response 

19. Unaffected by reading procedure (no discharge 
of fluorescence) 

20. Easy sterilization 

21. Minimal cost 


t 


ei 


the glass. When subjected to an ultraviolet 
light in an appropriate “reader,” the silver 
atoms (luminescent centers) produce an 
orange-yellow fluorescence. A photomulti- 
plier system in the reader converts this 
fluorescence into an electrical current re- 
corded in microamperes and read as 
roentgens. The effect is directly propor- 


* From the Department of Radiation Therapy, Veterans Administration Hospital, Bronx, New York. Presented at the F ‘orty-second 
Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
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tional, in a linear fashion, to the radiation 
absorbed bv the glass. 

Standard glass rods of known exposure 
(fluorescence) are employed to “zero in" 
the reader system prior to use and serve to 
check the stability of the equipment during 
use. Inasmuch as some fluorescence occurs 
during manufacture, it is necessary to 
secure a pre-dose reading before each expo- 
sure, later to be subtracted from the gross 
fluorescence. 

B. ADVANTAGES 

In our clinical and laboratory experience 
of more than three vears, the glass rods 
appeared to offer unique advantages over 
more conventional dosimeters. They were 
of optimum size and shape and provided an 
accuracy of + 1-2 per cent under experimen- 


tal conditions, with variations of + 5-10 per 
cent in limited clinical settings. They re- 


quired no electrical cables or light-pipe sys- 
tems within the body and could be freely 
employed in multiple units. Directional 
independence was noted in the body and in 
phantoms, but not in air. No corrections 
were needed for temperature and humidity 
changes during routine clinical exposure. 
Cumulative dose readings as high as 10,000 
r and as low as so r were recorded with 
reproducible accuracy from rod to rod with 
single or cumulative exposures. The dose 
record was permanent (up to three years 
thus far) until erased by a simple heating 
procedure. The dose recording was unaf- 
fected by repeated exposure to the mercury 
lamp in the reader and was observed to be 
dose-rate independent. 

Of the greatest interest was the absence 
of energy dependence in the high energy 
therapeutic range (1-2 mv., cobalt 60, 
cesium 137, iridium 192, radium and ra- 
don). While a commercial reader is pres- 
ently available,* a “do-it-yourself” model 
can be fabricated for about six hundred 
dollars. The glass rods may be secured from 
a commercial source* at minimal cost (less 
than fiftv cents each) and re-used after 
heating. 


* Bausch & Lomb Optical Co., 730 Fifth Ave., New York, New 
York. 
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C. DISADVANTAGES 


We observed a striking energy depend- 
ence af the bare glass below the super- 
voltize range. These values are not linear 
and ray vary by as much as +20 per cent 
from che delivered dose. We noted mark- 
edly creased sensitivity to softer, scat- 
terel radiation with portals greater than 
150 em? and tissue depths greater than 8 
cm. These are sharp limitations indeed to 
effective use of any dosimerer in radiation 
the-awps practice. 

Clhipping, cracking and breaking of the 
glass sults in reflection and refraction of 
these iefects and false values. With reason- 
able eare, however, the latter has not been a 
pro vem in our clinic. Although nontoxic to 
hurac tissues, the bare glass develops false 
flucrescence through contamination with 
body Auids and secretions. While plastic 
tub ra can overcome this difficulty, it re- 
mams impossible to identify the position of 
the rods within the body because glass and 
plast. are both radiolucent. To compare 
the dosimeter reading with calculated or 
phantom values for tissue or tumor dose 

(Tabl: 11), one must obviously establish the 
pre is geometric position of each dosimeter 
in be body and identify each unit when 
remove d for - eading. 


be. En ed to pom Rcs readjust. 
ment of the internal glass structure in order 
to aeieve the highest reading accuracy. 
For zo per cent of the final reading one 
shoid wait two hours; four hours for 95 
per cent values; and twenty-four hours for 
appreximately 100 per cent or "true" read- 
ing 


iL. THE GOLD-SHIELDED PHOTOLUMI- 
NESCENT GLASS ROD 


A. TECHNICAL DEVELCPMENT 





- sppeared to us that most of the impor- 
tan- shortcomings of the bare glass rod, 
parzxularlv the problems of energy de- 
perxknce, identification, cor. tamination and 
damage, could be overcome by develop- 
me a- of a filter, shield, cartridge or sheath, 
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Vi. 1, G7) The microdosimeter is visualized here in the brain of a young man with a nonresectable glio- 


blastoma. It was lodged in the body of the tumor in a No. 8 French polyvinyl catheter during the explora- 
tory craniotomy (courtesy Dr. Eric Krueger). The tiny metal clips mark the several extensions of the neo- 
plasm into contiguous normal brain tissue. (A In this lateral view of the patient shown in Z, the gold cap- 
sule carrying the dosimeter is clearly seen, oriented within a lead-solder outline of the treatment portal, 
ready for the first exposure. After the third e-posure, the catheter with its dosimeter was withdrawn and 
the reading compared with a phantom value. There was an excellent correlation. (C) In this patient, with 
a massive carcinoma of the tongue, it was of interest to compare readings in the tumor and the mandible 
at orthovoltage (260 kv.) and at cobalt 6o energy levels. One dosimeter may be seen in the tumor and an- 
other in a drill hole in the mandible. (D) Later. | view of the arrangement of dosimeters shown in C, utilizing 
a metal grid to outline the portal and to orient the position of the detectors. This study is to be extended to 
secure ample data on absorption in bone at various energy levels. (E) This huge defect is the result of sev- 
era] futile surgical attempts to control an invasive carcinoma of the left maxillary sinus. Orthovoltage 
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A CROSS-SECTION OF REPRESENTATIVE CASES FOR ZORAPARISON OF THE RECORDED DOSI- 
METER VALUES AND CALCULATEE GR PHANTOM DOSE 








A : m Treatment )csi meter Calculated Per Cent 
Case No: nike Modality Value (r) Value (r) Deviation 
1. (Fig. 1, A and £F) Antrum Cot 23 4.5 
2. (Fig. 2F) Bladder Iris d 4,000 5.0 
3. (Fig. 28) Neck Cot” dea +4.8 
4. (hig. 2D) Cervix Ra 960 43d 
5. (Fig. 2£) Chest Wall Tri? 1,832 +2. 
6. (Fig. 3, 4 and B) Bronchus Co 239* +3. 
p l'ace 260 kv. 192 +4.2 
8. Breast | mv. 200 Tio 
9. Kidnev | mv. 138 +105 
10. Bladder Lmv. 076 hg 
Tl Kidney Cot 76 Ro — 5.0 
12, Rectum Ra 520 540 “U7 
ba. Neck 260 kv. 200 192 +4.2 
H4. Stomach Co 200 200 o 
* Dose corrected for inhomogeneity (see legend for Figure 38). 
fabricated from an appropriate metal of The final product was a tiny cartridge of 


optimum thickness and especially designed golc, 1.6 mm.X1o mm., easily cut from 
for clinical use. This development in our golc tabing of 10 mils wall thickness and a 
laboratory has been adequately described lumer of approximately 1.02 mm. diame- 
in Part 1 of this report (preceding article). (Text continued on page 579) 





treatment to 6,000 r also proved ineffectual. It became imperetive to determine with accuracy all additional 
dosage if we were to utilize safely the cobalt 60 beam and iateacavitary radium implants. (F) Same patient 
asin Æ. Microdosimeters were attached to an acrylic most, which was fabricated to fill the defect in the 
patient's skull, In a "verification" procedure, employing te-<cobalt 60 beam, the glass rod recorded a dose 
which varied by only 4.7 per cent from the intended or phastem value. 


2565, Benard Roswit Magen 
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Fic. 2. (4) Note this huge recurrent carcinoma in the left nesk of a patient recently operated upon for car- 
cinoma of the larynx. The striking variation in the contou: of this ulcerating and exophytic tumor made 
precise dosage calculation difficult. (B) Same patient as in 4 A glass rod in a hollow radium needle has 
been implanted in the tumor to provide accurate 77 0770 dosage measurement, The measured value proved 
to be within ¢ per cent of the calculated dose, using the cait ho teletherapy beam. (C) Note the three 
microdosimeters in tandem in & No. 8 French polyvinyl fee&ng catheter, to monitor rotational therapy for 
esophageal carcinoma. The measured dose in the 1,000 kv beam was within less than s per cent of the 
phantom value at all three desimeter levels. (D) Pelvic rcertgenogram illustrates a unique attempt to 
measure radium dosage at point B in the left parametriun of a patient receiving treatment for cervical 
carcinoma (courtesy Dr. Gray Twombly). Note the 4 cm. hol.ow radium needle (containing glass rods) 
implanted at point B through the patient's vagina (left lateral fornix). We intended to deliver 1,000 r to this 

s site in each of 2 successive implants. The recorded dose was «jo while the calculated dose (through analyt- 
ical geometry) was exactly goo r. Note another needle in a catheter in the bladder, carrying its dosimeter 
load. Rectal dosimeters have been similarly employed in ou Radiation Clinic. Further, dosage at point A 
can be easily acquired by means of interstitial rod implant or by a catheter (with rod) in the ureter. (E) 


This roentgenogram shows a two-plane, iridium 192 seed implant (in nylon thread) in a large metastatic 
carcinoma on the chest wall. Four dosimeters, mounted ir incividual gold shields, have been placed in 
tandem, in a plastic tube, through the midplane of the impdaat. The recorded values varied by only 2.4 
per cent from the calculated dose. (F) À patient with carcinoma of the bladder at the trigone required a sin- 
gle plane iridium 192 implant for a planned tumor dose of «,co2 r in six days. One hollow radium needle 
containing a dosimeter was placed directly in the center of *he implant and withdrawn on the fourth day 
as à monitoring maneuver. The dosimeter read 4,200 r, com: ed with a calculated dose of 4,000 r, a varia- 
tion of only 5 per cent. This variation can be accounted for bw the curvature in the bladder, whereas the 
dose calculations were based on the Paterson-Parker figures for a flat or planar implant. À second needle 
with dosimeter is seen at the periphery of the implant. 













A 


E 


ie 3. (4) In this lateral chest roentgenogr um is shown a gold-shielded dosimeter in a plastic tube, 
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l ving 
within the right lower lobe bronchus of an individual with a normal right lung. With this system, we are 
studying the inhomogeneity factor, so important in the radiation treatment of intrathoracic neoplasms, 
(B) Same patient as in 4. The wire grid serves to outline the treatment portal as well as to orient the de- 
tector in the beam. A lateral roentgenogrim is also made in this manner, The measured dose trom the 
cobalt 6o exposure was 243 r. The corrected calculation was 259 r, a variation of only 3.7 per cent (reference 


to inhomogeneity correction tables of Jac: bson suggested a correction value of 15 per cent’), A study of 
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ter. One end was sealed and the other energy sources. Therapy with different 
carried a tiny screw cap. After many trials a _moddities can thus be measured (and 
system was evolved to permit entry of an adcec) in the same patient in the same 
optimum level of scattered radiation; four lesion, with confidence in the values. This 
tiny holes, each at go? from the other, were _elirainates the requirement of calibrating a 
drilled in the midsection of the shaft. For dos meter against each specific therapy 
ready identification, each gold cartridge source. 





was engraved in an orderly numbered svs- 2 [independence of porta: size from the 
tem. smi. llcst to the largest used in clinical prac- 
B. SPECIAL ADVANTAGES tice including total body exposure. 
With the gold-shielded glass rod we 3 e of depth in tumor or 
achieved: tissue—from the skin to 20 cm. 
i. Independence of therapeutic energy or 4 pM in probability for contami- 
modality employed-- from 250 kv. to 2,000 nation and of damage of glass rods. 
kv, including radium, radon, cobalt 60, 5. Easy identification by means of roent- 


cesium 137, iridium 192 and other high — genegraphy and by engraved numbers. 





the lung inhomogeneity problem has been initiated. (C) A Jos meter was successfully placed within this 
patient's renal pelvis, using a No. X French polyvinyl catheter, stiffened with a slender conventional ure- 
thral catheter. The urine drained well while radiation therapyswas administered. (D) The grid wire represents 


the uppermost portal employed in the postoperative coba t 5o irradiation of this UM para-aortic 
lymph nodes after removal of a testicular seminoma. It is o interest that the dose measured at the renal 
pelvis was only t5 per cent of the tumor dose in the central axis of the beam. The study of renal dosage is 
being extended. (E) This patient is to receiver pono’ treatment for cancer of the bladder using the cobalt 
bo rotational beam, A pair of dosimeters in their gold capsus has been inserted via urethral catheter for 
precise recording of the tumor dose. (F) In this patient sth an advanced c: ircinoma of the bladder, a 
microdosimeter has been placed within the abdominal aorta via the femoral artery in an attempt to secure 


à recording of the dose delivered to the para-aortic lymph neles 





6. Increased useful range of dosimeter 
— from $0 r to 20,000 r. 

7. Economical use (completely fabri- 
cated gold cartridges cost about three dol- 
lars each). 

8. Nontoxicity in human tissues---even 
after protracted implantation periods for 
cumulative dose records. 

9. Miniaturization to a point wherein 
nearly all body spaces and tissues are preg- 
nable to dose recording. 

10. Accuracy with variations of only +5 
per cent clinically and +1-2 per cent 
experimentally. 


C. DISADVANTAGES 


There appeared to be no significant 
deficiencies of the gold-shielded glass rod 
system. 


IH. CLINICAL TRIALS 


We have emploved the gold-shielded 
microdosimeter in 4o patients recewing 
radiation. therapy for various malignant 
diseases, including carcinoma of the kidnev, 
testicle, larvnx, tongue, stomach, antrum, 
breast, brain, cervix, vagina, esophagus and 
bladder, soft tissue sarcoma and malignant 
lymphoma. 

Nearly all body tissues and spaces were 
entered with relative ease for în vivo dose 
recording, including the ureter, renal pelvis, 
parametrium, mandible, nasopharynx, par- 
anasal sinuses, trachea, bronchus, brain, 
stomach, bowel, bladder, uterus, heart, 
mediastinum, aorta and the general vascu- 
lar tree. 

The detectors were stationed singly and 
in multiples in (a) primary tumors, (b) 
regional lymph nodes, (c) distant metas- 
tases and (d) nearly all normal structures 
in the path of the therapy beam. In these 
stations they were employed interstitially, 
intravascularly, intracavitarily and on the 
surface, for dose verification and surveil- 
lance. After exposure to radiation, the glass 
rods were removed from their gold shields 
and placed in the reader. 

Conventional and easily available de- 
vices were utilized to carry the shielded 
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dosimeters, such as plastic tubing, hollow 
radium needles, Foley catheters, Friedman- 
Lewis catheters, Miller-Abbott tubes, car- 
diac catheters, etc. One of the most gener- 
ally useful devices was a simple polyvinyl 
feeding tube, No. 8 French, costing less 
than fifty cents. With one or more car- 
tridges tucked into its tip, we have been 
able to enter the ureters, renal pelvis, 
uterus, bronchial tree, blood vessels and 
other important structures hitherto inac- 
cessible to a radiation dosimeter. 

The treatment modalities used in this 
study included orthovoltage (260 kv), 
supervoltage (1 mv.), cobalt 60 teletherapy, 
interstitial radium, radon, and iridium 192. 
In this energy range, complete linearity and 
energy independence was observed, regard- 
less of portal size and depth in the body up 
to 20 cm. Portals up to 600 cm.” were used. 
Even when several treatment modalities 
were employed for the same tumor, the 
dosimeter summated fractionated doses, 
with variations of less than +5 per cent 
from the calculated or phantom value. 

Contamination of the glass and damage 
to its structure are now rarely encountered 
in our clinic. The bare glass is gently 
handled with tiny tweezers and placed in 
the protective gold shield without diffi- 
culty. The x-ray technician takes charge of 
the loading and unloading, and the prepara- 
tion and sterilization of needles, catheters 
and other devices. Cold sterilization (using 
zephiran) is invariably employed because 
excessive heat will affect the glass. 


IV. WORK IN PROGRESS 


The gold-shielded glass microdosimeter 1s 
presently being employed in living human 
subjects for special investigations such as 
evaluation of: (1) new treatment planning 
techniques; (2) assessment of methods for 
precise beam orientation and patient immo- 
bilization; (3) inhomogeneity factors in 
lung and bone at various energy levels; (4) 
recording tissue dose in critical normal 
structures in conventional and experimen- 
tal treatment plans; (5) dose verification 
procedures in individual patients under 
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treatment; (6) dependability of the micro- 
dosimeter with use of energy levels up to 
100 mv. roentgen rays, high energy elec- 
tron beams, and a broad spectrum of radio- 
active isotopes; (7) evaluation of tech- 
niques for more effective total body irradi- 
ation at high dose levels plus marrow 
transplants, in patients with advanced 
malignant disease; and (8) efficiency of the 
glass microdosimeter in a mixed neutron- 
gamma beam, a problem of major interest 
for those planning neutron irradiation for 
tumors of the brain. 


CONCLUSIONS 


1. We have developed a practicable and 
reliable microdosimeter system for accurate 
in vivo human dosimetry in radiation ther- 
apy. 

2. This system is immediately adaptable 
to routine clinical use and experimental 
studies. 

3. It has been employed successfully in 
nearly all body tissues and spaces in cancer 
patients receiving ionizing radiation. 

4. The detectors consist of tiny photo- 
luminescent glass cylinders enclosed in 
miniature gold cartridges which can be 
easily and quickly fabricated. 

130 W, Kingsbridge Road 
Bronx 68, New York 

For their assistance in this investigation, we 
wish to thank Drs. Schulman and Attix of the 
U.S. Naval Research Laboratory, Dr. Max 
Pleasure, Chief of our Dental Service, and Mr. 
Louis Maddalone, Mold Technologist in our 
Radiation Clinic. 
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FORTY-THIRD ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE American Radium Society was or- 

ganized forty-five years ago, in Jone, 
1916, during an Annual Meeting of the 
American Medical Association, by 24 
physicians interested in radium ther:pv, 
under the leadership of W. H. B. Aikens of 
Toronto, Canada, acting as temperary 
president, and R. E. Loucks of Detroit, 
Michigan, as the temporary secrezarv. 
H. K. Pancoast, M.D., was in charge o the 
dinner and Henry Schmitz, M.D. of 
Chicago, chairmanned a Committee on 
Constitution and Bylaws. The name chosen 
was “The American Radium Society." 

The object of the Society was, and still 
is, “to promote the scientific study cf ra- 
dium and other sources of ionizing radia- 
tion in relation to their physical properties 
and their therapeutic application" and to 
maintain the high ethical standard among 
those using these agents for treatmerr. 

The Forty-Third Annual Meeting idur- 
ing World War II some meetings were 
omitted) will be held at the Broadmoor 
Hotel in Colorado Springs, Colorad;, on 
Wednesday through Saturdav, 10, 1 
and 13 Mav, 1961. 

On Wednesday, ro May, 1961, the Ex- 
ecutive Committee will meet and i^ the 
afternoon there will be general registration. 

The first Executive Business Session 
will be held during a breakfast meetiag for 
members of the Society on Thursday morn- 
ing, 11 May. At 9:00 a.m. the Scientific 
Program opens with an Address on “The 
Concept of a Cure" by Dr. Fred =. D. 
Collier, Professor of Surgical Pathology, 
University of Alabama Medical School, 
Birmingham, Alabama. Dr. Collier vill be 
introduced by Dr. Luther W. Brad-, Jr., 
Chief of the Radiotherapy Division e? The 
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Hahnemann Medical College and Hospital 
of Philadelphia. Dr. Collier's Address will 
set the tone and provide the Kevnote of 
the Meeting. 

A critical survey of the current methods 
of treatment and results obtained in car- 
cinoma of the ovary and brain tumors will 
highlight the program, and some new as- 
pects of the physics of radiation therapy as 
well as newer ideas of treatment will be 
presented. 

The Janeway Lecture will be delivered 
by a prominent Canadian neighbor and 
member of the Society, Dr. Clifford L. Ash, 
Director of the Ontario Cancer Institute at 
Toronto incorporating the Princess Mar- 
garet Hospital, and Professor of Radio- 
therapy at the University of Toronto..Dr. 
Ash's address, which is most timelv, is en- 
titled "Intra-Oral Cancer, a Twenty-five 
Year Study.” 

A Social Hour will be held on Thursday 
evening sponsored by the Radium Chem- 
ical Company. On Friday evening, there 
will be a reception, followed bv the Annual 
Banquet. The past presidents of the Amer- 
ican Radium Society will be honored with 
ceremonies and "high jinks" at a special 
table during this banquet. The Koshare 
Indians will give a series of colorful tribal 
pageants and dances after the banquet. 

Three distinguished French colleagues 
will participate in the program. Professor 
A. Lacassagne, one of the earliest investi- 
gators in the field of radiobiologv, will dis- 
cuss new experimental work on carcinoma 
of the liver. Dr. A. Ennuver and Dr. Ber- 
nard Pierquin of the Fondation Curie, 
Paris, France, will deal with topies, the 
titles of which will be announced in the 
final program. 
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Colorado Springs is particularly beauti- 
ful in the spring month of May. The charm- 
ing old Broadmoor Hotel is nestied beside 
a lake in the foothills of the Rocky Moun- 
tains. Pike’s Peak, with an altitude of 
6,500 feet, is within sight to the north and 
the Air Force Academy is located in the 
foothills. 

The Broadmoor is modernized in every 
wav. A new auditorium with a parabolic 
roof meets every requirement for a conven- 
tion. The charm, services and facilities of 
the hotel ensure a very pleasant visit. 
Boating, water skiing, a heated swimming 
pool and an indoor ice rink give oppor- 
tunities for varied recreation. On any after- 
noon an organized scenic tour through the 
mountains and vallevs can be arranged. 

Registration will begin on Wednesday, 
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ic May, from 2:00 P.M. to §:00 P.M. and 
will continue throughout the duration of 
the meeting. 

You are urged to make hotel reservations 
through Dr. Juan A. del Regato early, 
since the list will be closed 15 April, 1961. 
Aecommodations at motor courts and other 
hetels may be requested as well. 

The officers of the American Radium So- 
ciety cordially invite you and urge you to 
attend its Forty-third Annual Meeting in 
the beautiful surroundings of the Broad- 
moor Hotel in the foothills of the Rocky 
Mountains. 





Jessuitt Love, M.D., President 
The American Radium Society 
Memorial Cancer Foundation 
23 & Bath Street 
Saata Barbara, California 
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WILLIAM STELL NEWCOMET 
1872-1960 


ITH the passing of William Sll 
Newcomet on September 9, 160, 
Radiology lost another distinguished j«0- 
neer. 
Born in Philadelphia, Pennsylvania, on 
July 20, 1872, the son of Henry Walbern 
Newcomet and Elizabeth Kesia Stell, Ər. 


Newcomet received his primary education 
in the schools of Philadelphia. He at- 
tended Friends’ Girard Avenue School and 
the Lauderbach Academv. At the age of 
thirteen, following his father’s early death, 
his mother decided to take her three chil- 
dren to Europe. While there, William New- 
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comet enrolled at the University of Berlin 
(1888-1889) and remained after his family 
returned home. His major interest was in 
chemistry. The instructions that he re- 
ceived in German and in chemistry were to 
be of great value to him in his medical 
career. In 1890, he returned to Philadelphia 
and matriculated at the Medical School of 
the University of Pennsylvania, from 
which he received his M.D. degree in 1393. 
After an internship at St. Agnes Hospital 
in Philadelphia, he entered general prac- 
tice and became associated with the St. 
Agnes Hospital and the Rush Hospital for 
Consumption. He was also the attending 
physician to the House of the Good Shep- 
herd. 

At the Rush Hospital, in 1898, Dr. New- 
comet became interested in the emplov- 
ment of x-ravs in the studv of the chest, 
and in 1899, he became the director of the 
X-Ray Department of the Presbyterian 
Hospital in Philadelphia, a position he held 
for approximately fifty vears. 

In 1904 the Oncologic Hospital of Phil- 
adelphia was organized and Dr. Newcomet 
was placed in charge of the X-Ray Depart- 
ment. Shortly thereafter, in 1907, radium 
was acquired for the first time in that in- 
stitution. Dr. Newcomet constructed the 
radon apparatus in this institution in 1921. 

In 1916, Dr. Newcomet joined the Red 
Cross unit of the Presbyterian. Hospital 
and entered the Army as First Lieutenant 
on June 15, 1917. From this period until 
1919, he served at Camp Greenleaf and 
Camp Gordon in Georgia, as Acting Ad- 
jutant in charge of the X-Ray Department, 
Instructor in the Rules of the Army Survev 
and Court Officer. From February, 1919, to 
April 29, 1919, he was in charge of the 
X-Ray Department at General Hospital, 
No. 35, West Baden, Indiana, when he re- 
tired as a Major. He was advanced to a 
Lieutenant Colonel in the Reserve Corps 
in 1920. 

Dr. Newcomet was primarily interested 
in organized medicine and found time to 
actively participate in many organizations. 


His affiliations included: The Philadelphia 
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Carty Medical Society, Vice President 
and Member of the Board of Directors for 
eleven vears; Fellow of the College of 
Physicians of Philadelphia; President, West 
Branch Philadelphia County Society, 1917; 
Feurth Vice President, American Roentgen 
Rey Society, 1909; Secretary of American 
Recram Society and its President in 1925; 
Felow of the College of Radiology; Diplo- 
mzte of the American Board of Radiology; 
Member of the Franklin Institute (1944- 
tgoc}; Member of the American and 
Philadelphia Mineralogical Societies; and 
an active and devoted Mason and Past 
Master in the Stephen Girard Lodge 450, 
Pennsylvania. 

2r. Newcomet was well known to earlier 
geaerations of radiologists. He was a quiet 
and gentle physician with a good sense of 
humor and was liked by everyone. His 
ideals were on a high plane. His knowledge 
of physics and chemistry provided the 
background for much of his early work in 
radem and roentgen therapy. He was well 
informed on the world’s literature and 
geaerously contributed to it. 

dis publications on chest diseases date 
back to 1899. His contributions on ""Treat- 
mer: of Malignant Disease with X-Rays,” 
in 1403; “Pathological Changes in Tissue 
under the Influence of the X-Rays” and 
his book, “Radium and Radiotherapy,” 
puolished by Lea and Febiger in 1914, 
have stood the test of time, and many of 
the observations are in accord with current 
thanking. Dr. Newcomet’s greatest interest 
prebably was in therapy, especially with 
the use of radium, and he developed a well 
ex red reputation for his work with the 
care of hemangiomas in children. It should 
be stated that Dr. Newcomet was one of 
the very few pioneers who was most cau- 
ticas and, so far as I know, did not develop 
an” radiation damage changes on his hands, 
face and/or bodv. 

Jr. Newcomet came from a Pennsyl- 
vaa-German background. He believed in 
their and in using one's time well. His 
pratession was his chief interest and he 
reb took vacations. He had several 








588 - 


hobbies from which he derived great en- 
joyment. Dr. and Mrs. Newcomet spent 

many happy hours along the Brandywine, 
while he sketched that lovely stream. From 
childhood he was an 
minerals and as he grew older he made 
trips to many mines and caves to obrain 
new specimens for his large collection. He 
was particularly interested in fluorescent 
minerals and exhibited them under various 
lights. His hobby of keeping bees on sc- 
casion presented problems in his city heme 
when they would swarm and leave for 
greener pastures. 
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On April 22, 1897, Dr. Newcomet mar- 
ried Katherine E. Mackeown. His daughter, 
Mrs. Paul W. Sutro and three grand. 
children, survive. 

The onset of Dr. Newcomet's terminal 
illness stemmed from metastatic lesions in 
the chest secondary to a carcinoma of the 
colon which had been removed eighteen 
months before. Death ended the career of a 
man whose life had been one of achieve- 
ment and enrichment for himself, his pro- 
fession and ror those who were privileged 
to know him. 


EucenNe P. Penpercrass, M.D. 
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THE AMERICAN RADIUM SOCIETY 
TENTATIVE PROGRAM i 


The following is the tentative program arranged by the Program Committee for the 
Forty-third Annual Meeting of the American Radium Society to be held at the Broad- 
moor Hotel, Colorado Springs, Colorado, Wednesday through Saturday, 10, t1, 12 and 


13 Mav, 1961. 
» ME) 
Wednesday, 10 May, 1961 
OO A.M.74:00 P.M. 


9: 


T 


9: 


9: 


Executive Committee Meeting. 


100-5:00 P.M. 


Registration. 


Thursday, rr May, 1961 


130 A.M. 


First Executive breakfast Business Session 
for members. 
Appointment of committees, election of 
new members. 


OO A.M. Onward. 
Registration 


OO A.M. 

First Scientific Session. 

Robert L. Brown, M.D., Chairman. 

Opening Ceremonies and Welcome Address. 

+ Jesshill Love, M.D., Santa Barbara, Cali- 

fornia, 

Keynote of the Meeting: Concept of a Cure. 
Fred C. D. Collier, M.D. (by invitation), 
Birmingham, Alabama. 

Introduction of Dr. Collier by Luther W. 
Brady, Jr., M.D., Philadelphia, Penn- 
sylvania. 


Comparative Study of Supervoltage Radio- 
ther rapy Techniques i in Some Pelvic Malig- 
nancies. Jose Noriega, M.D., Mexico City, 
Mexico. 

Panel Discussion 

A Critical Analysis of Current Therapy of 
Carcinoma of the Ovary: Natural history 
of ovarian neoplasms. Is surgery alone 
adequate? Has postoperative irradiation 
proven itself? Value of radioisotopes and 
chemotherapy. 

Philip Rubin, 
Moderator. 


Panelists: Malcolm B. Dockerty, M.D. (by 
invitation), Rochester, Minnesota, John 
G. Masterson, M.D. (by invitation), 


M.D., Rochester, N. Y., 
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Brooklyn, New York, Howard B. La- 
tourette, M.D., Iowa Citv, Iowa, Vera 
M. Dalley, M.D. (by invitation), Lon- 
don, England, and others. 


"he Influence of the Time Factor on the Dose 
Response Curve. Lucille A. DuSault, A.B., 
Detroit, Michigan. 

Observations of  Radioresponse 


of 


some 


"Radioresistant" Neoplasms. Franz J. 

Buschke, M.D., San Francisco, California. 
12:15 PM. 
Recess. 


12:36 P.M. 


5: 


29 


Luncheon for members, guests and wives. 
T. Christen, the First Investigator of the 
HVL. Speaker, E. Dale Trout, B.S., 
Sc.D., Milwaukee, Wisconsin. 


100 T.M, 
Vietor Marcial, M.D., Chairman. 


Symposium 
Aadiosensitivity and Radiocurability Judged 
by Microscopical Techniques, 
M.D., Moderator. 


"Che Cytologic Prognosis in Cancer of the 
Cervix. Ruth M. Graham, Sc.D. (by invi- 
tation), Buffalo, New York. 

Raciosensitivity Testing of Cancer of the 
Cervix. Saul B. Gusberg, M.D., New York, 
New York. 

Zen Radiosensitivity and Histopathology Be 
Correlated? Arthur T. Hertig, M.D. (by 
invitation), Boston, Massachusetts. 


Joseph L. Morton, 


neidence and Treatment of Radiation Ne- 
crosis of the Intraoral Cavity. William S. 
MacComb, M.D., Houston, Texas. 

Tirle to be announced.) Dr. Bernard Pier- 


quin. (by invitation), Villejuif (Seine), 
France. 
3G P.M. 


The Janeway Lecture. Clifford Ash, M.D., 
Director, Ontario Cancer Institute, Toron- 


$90 . 


6: 
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to; Professor of Radiotheraphy, University 
of Toronto. Intra-Oral Cancer, a Twenty- 
five Year Study. 


30 P.M. 
Social Hour. 


130 P.M. 


Dinner ad /ibitum. 


Friday, 12 Mav, 1961 


130 A.M. 


Second Executive breakfast Business Session 
for members. 
Committee reports. Old and new busi- 


ness, Introduction of new members. 
Required attendance of all new mem. 
bers. 


:CO A.M. Onward. 


Registration. 


OO A.M. 


Second Scientific Session. 
Charles Stetson, M.D., Chairman. 


Ten Year Evaluation of the Treatment of 
Bone Metastasis from Breast and Prostate 
Carcinoma Using P® and Testosterone. 
Jack G. S. Maxfield, M.D., and J. R. Max- 
field, Jr., M.D., Dallas, Texas. 

Complications in the High Dose Total Pelvic 
Irradiation of Female Pelvic Cancer. 
Paul M. Chau, M.D. (by invitation), 
Gilbert H. Fletcher, M.D., and Felix N. 
Rutledge, M.D. (by invitation), Houston, 
Texas. 

The Intravenous Pyelogram and Carcinoma 
of the Cervix. Richard W. Stander, M.D. 
(by invitation), and Robert K. Rhamey, 
M.D. (by invitation), Indianapolis, Indi- 
ana. 

Cobalt 60 Tangential Dosimetry. Harold E. 
Johns, Ph.D., Toronto, Ontario. 

(Title to be announced.) Dr. A. Ennuyer (by 
invitation), Paris, France. 

Hemipelvectomy in the Treatment of Ad. 
vanced Cancer. Theodore R. Miller, M.D., 
New York, New York. 

A Cesium Unit for Head and Neck Therapy. 
M. Lederman, M.D., London, England. 

Clinical and Biological Studies of Actino- 
mycin D and Radiation. Giulio J. D'Angio, 
M.D. (by invitation), Boston, Massachu- 
setts. 

Low-Level X Irradiation and the Very 
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200 A.M. Onward. 
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Early Mammalian Embryo. Roberts Rugh, 
M.D. (by invitation), New York, New 
York. 

Cancer Arising Many Years after Radiation 
Therapy of Benign Lesions in the Cervical 
Region. John M. Hanford, M.D. (bv 
invitation), and Edith H. Quimby, Sc.D. 


Honored speaker of the Forty-third Annual 
Meeting of the American Radium Society. 
Experimental Carcinoma of the Liver. 
Professor A, Lacassagne, Paris, France. 

DIS PM. 

Recess. 


1OO P.M. 


Tour of the United States Air Force Academy. 


130 P.M. 


Reception. 


130 P.M. 


Annual Banquet. 

Presentation of the Janeway Medal. 

Table honoring the past Presidents of the 
American Radium Society. 

Presentation of Mementos to past Presidents. 

Spectacular dance revue by the Koshare 
pecta 
Indians. 


Saturday, 13 May, 1962 


Registration. 


CO A.M. 
Third Scientific Session. 
Gilbert H. Fletcher, M.D., Chairman. 


Board of Inquiry. A three man board will be 
picked to review a series of very unusual 
cases. Arbitrator, Milton Friedman, M.D., 
New York, New York. 

Radiation Therapy of Brain Tumors. Rob. 
ert J. Bloor, M.D., and Arch W. Temple- 
ton, M.D. (by invitation), Rochester, New 
York. 

Localization of Brain Tumors Using I! HSA; 
Problems of Instrumentation and Tech- 
nique. Edward B. Schlesinger, M.D. (by 
invitation), Sheila deBoves, M.S. (by in- 
vitation), and Juan Taveras, M.D. (bv 
invitation), New York, New York. 

Irradiation of Meningioma. Milton Fried- 
man, M.D., New York, New York. 

Should We Treat Glioblastoma Multiforme? 
Juan M. Taveras, M.D. (by invitation), 
and J. Lawrence Pool, M.D., New York, 
New York. 
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A Three Dimensional Radium Reconstruc- 
tion Device. Jerome M. Vaeth, M.D., San 
Francisco, California. 

A Moving Picture: “Radium Implantation: 
Operating Room Techniques.” Fernando 
G. Bloedorn, M.D., and Carlo A. Cuccia, 
M.D., Baltimore, Maryland. 

Distant Metastasis from Oral Cancer. Sidney 
Rubenfeld, M.D., New York, New York. 

Why Go to the Moon? Maj. Gen. David 
Wade, U.S.A., Commanding Vandenberg 
Air Force Base, will appoint a discussant 
to outline the necessity for space travel and 
investigation. 


12:30 P.M. 
Third Executive Business Session. 
Election of officers. Introduction of new 
* officers. 
T2245 P.M, 
Luncheon ad /ibitum. 
Adjournment. 
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Pavers to be read by title: 

Post Radiation Treatment of Total Body 
Lethal Irradiation with Cell Free Spleen 
Extract (Pending AEC and USN ap- 
proval). Friedrich P. Elinger, M.D., 
Ph.D. (by invitation), Washington, D. C. 

A World Survey of Radioisotope Teletherapy 
Units (goo units in so countries) (Pending 
approval of the IAEA). Kia-Chi Tsien, 
B.Sc., M.A., Vienna, Austria. 


Radiotherapy in the Luis Razetti Institute of 
Cancer in Caracas. Raul Vera V., M.D., 
Caracas, Venezuela. 


Acdress all applications for hotel reservations 
«r correspondence relevant to the meeting to: 


Juan A. del Regato, M.D., Chairman of 
Arrangements 

Penrose Cancer Hospita! 

2200 No. Cascade Avenue 

Colorado Springs, Colorado 
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DAVID ANDERSON-BERRY 


A David Anderson-Berry Silver-Gilt 
Medal, together with a sum of morey 
amounting to not less than one hundred 
pounds sterling (£100/$280.00), will be 
awarded in 1961 by the Council of -he 
Royal Society of Edinburgh. The Prize will 
be awarded for recent work on the effects 
of x-rays and other forms of radiation on 
living tissues. Published work will be taken 
into consideration if submitted to the So- 
ciety with the application. 

In addition to direct application for he 


PRIZE (1981) 


Prize, proposals may be made on behalf of 


others. 

Applications and proposals must be in 
the hands of the General Secretary, Ro val 
Society of Edinburgh, 22/24 Genres Street, 
Edinburgh 2, Scotland, not later than 
March 31, 1961. 


COURSE IN RADIOLOGY OF THE CHEST 
INDIANA UNIVERSITY 

The Department of Radiology of `n- 
diana University School of Medicine an- 
nounces a postgraduate course in Radiolcgy 
of the Chest to be given April 6, 7, 8, anc 9, 
1961, at the Medical Center in Indian- 
apolis. 

The course is planned primarily for the 
general radiologist but is open to all phy- 
siciaans having an interest in this field. 
Presentations will consist of lectures, patel 
discussions, and film interpretation con- 
ferences, correlating the radiologic, patho- 
logic, and phy siologic aspects of variaus 
chest conditions encountered in clinical 
practice. 

Guest participants include Drs. Robert 
P. Barden, William R. Eyler, Benjamin 
Felson, Melvin M. Figley, C. Allen Good, 
Jr., John F. Holt, Harold G. Jacobson, and 


Averill A. Liebow of this country, and 
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Doctor George Simon of London, England. 

The subjects for discussion have been ar- 
ranged so that each day is devoted to one 
or two subdivisions of the field, thus facil- 
itating a more comprehensive evaluation of 
lesions of similar origin, as well as those 
producing similar roentgen findings. Fur- 
ther information regarding this course may 
be obtained by writing the Director of 
Postgraduate Medical Education, Indiana 
University School of Medicine, Indian- 
apolis 7, Indiana. 

UNIVERSITY OF WISCONSIN 
POSTGRADUATE COURSE ON 
DISEASES OF THE CHEST 

The Departments of Radiology and 
Pathology of the University of Wisconsin 
Medical School are sponsoring a Post- 
graduate Course dealing with Diseases of 
the Chest on May 11-13 inclusive. The 
course will consist of lectures and panel 
discussions covering a variety of diseases 
of the lungs and heart. It will be given by 
a panel of guest speakers, both pathologists 
and radiologists, together with members of 
the University of Wisconsin Medical School 
Faculty. Guest speakers include Drs. John 
A. Campbell, Benjamin Castleman, Jesse 
E. Edwards, C. A. Good, Averill A. Liebow 
and Eugene Van Epps. For further infor- 
mation write to William D. Stovall, M.D., 
Coordinator of Postgraduate Medical Edu- 
cation, University of Wisconsin Medical 
School, Madison 6, Wisconsin. 


THIRD INTERNATIONAL CONVENTION OF 
X-RAY TECHNICIANS 

The Third International Convention of 
X-Ray Technicians will meet at the Queen 
Elizabeth Hotel in Montreal, Quebec, 
Canada, June 24-29, 1961. Mr. Don At- 
kins, R.T., 1s the co-chairman of publicity 
for this convention. 
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Rapio Terapia. By Giulio Tori. Pp. 693, with 
351 illustrations. Prof. R. Patron, Bologna, 
Italy, 1960. 

In the preface to this book, Prof. G. Palmieri 
notes that most radiology residents relegate 
radiation therapy to a secondary role and prefer 
to dedicate much more time and effort to diag- 
nostic radiology. For those who take radio- 
therapy more seriously, there is a need for texts 
which, without overemphasis on one or the 
other facet of radiotherapy, encompass the 
whole with enough detail to give the residents 
a secure foundation of study which can be ex- 
panded in later years. 

Dr. Tori, who is in charge of teaching nuclear 
physics applied to medicine at the University of 
Bologna, has attempted this task and has suc- 
ceeded very well. This book is tailor-made for 
the training of residents and gives them all the 
essential facts with a clarity of expression and 
a completeness of presentation seldom found in 
teaching manuals. 

Dr. Tori begins with the fundamental con- 
cepts of matter and energy and with the inter- 
action of energy and matter. This is followed by 
a discussion of measurements of quantity and 
quality of radiation. The various types of radi- 
ation generators and the natural and artificial 
radioactivity and its measurement are de- 
scribed. 

The second section of the book is devoted to 
radiobiology, and includes the general effects of 
radiation on cells and, specifically, the effects of 
radiation on each tissue. The discussion on the 
direct effect of radiation on the gonads is ampli- 
fied by a description of genetic effects. The 
effects of radiation on pathologic tissues are de- 
scribed in detail. 

The third section of the book deals with do- 
simetry as applied to fixed and mobile beams 
of radiation, with filters and with grids, and it 
considers the spatial and chronologic distribu- 
tion of radiation effects, treatment planning, 
contraindications, association of radiation ther- 
apy with surgery, general and local reaction and 
prognosis In specific cases. 

The fourth section deals with the radiation 
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i the interest of our readers as space permits. 


the-apy of various disease entities, beginning 
wita cancer of the lip and ending with func- 
tior al therapy of hypertension, Raynaud's dis- 
eas- and asthma. It gives detailed instruction 
on aow to conduct treatments and it covers the 
whele deld of the application of radiation ther- 
apy. This section is generally excellent, but the 
emphasis placed on radiation therapy ofnon- 
maägnant diseases may be considered excessive 
by ome American radiologists. 

5n appendix deals with protection of person- 
nel and patients from radiations produced by 
varous agents and at various levels of energy. 

‘This is an excellent book, concise and to the 
point, and is especially adapted for the instruc- 
tior of residents. Since Dr. Tori speaks English 
flueitiy, itis to be hoped that he will translate 
this book into the English language for the ben- 
efit of English and American residents. 

Cesare Gianturco, M.D. 





GEFELICS AND Cancer; A COLLECTION OF 
Farers PRESENTED AT THE THIRTEENTH 
MNucAL SYMPOSIUM oN FUNDAMENTAL CAN- 
cor REsEaRCH, 1959. Edited by the Staff of 
The University of Texas M. D. Anderson 
Hospital and Tumor Institute. Cloth. Price, 
83,co. Pp. 459, with numerous illustrations. 
The University of Texas Press, Austin 12, 
Texas, 1960. 








‘Ths volume consists of twenty-two articles 
by eminent scientists from England, France, 
Sweden and the United States, an introduction 
by 3. Lee Clark, Jr., Director and Surgeon-in- 
Chief, zhe University of Texas M. D. Anderson 
Hogpital and Tumor Institute, Houston, Texas, 
and 2 summary by Howard B. Andervont, 
Na3onal Cancer Institute, Bethesda, Mary- 
lane. Together, they constitute a thorough and 
autaoritative review of the topics considered. 

‘The material is divided into six sections. The 
firs; Genetic Theory of Cancer Etiology, includes 
three papers on plasmagenes, somatic muta- 
tiors and lysogens. Six papers are devoted to 
the next subject, Fundamental Aspects of Ge- 
nett-s in Carcinogenesis, and five to the section 
on ete Interaction in Neoplastic Growth. The 
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Bertner Foundation Lecture was part of this 
symposium and is entitled, “The Role of Virus 
and Host in Determining the Host Reaction to 
the Fibroma-Myxoma Virus Complex.” Three 
papers deal with the Genetic Basis of Cel Re- 
sistance, and the four papers on Heredity and 
Human Cancer point out the progress and 
methods of study in human genetics, anc the 
genetic consideration in human cancer. 

It should be added that this volume b-ngs 
together many concepts on the all important 
question of genetics and cancer. Conversely, 
because of the ever increasing. fundamental 
knowledge i in this field, many modifications and 
changes i in these concepts may be anticipated 
in the near future. 

JoHanna BLUMEL, Pu. 
RADIOLOGISCHE EXPLORATION DES BRONCHUS. 
By Dr. S. Di Rienzo, Professor für Radio vgie 


an den Universitätskliniken Cordoba; and 
Dr. H. H. Weber, Facharzt für Radiol wie, 
Bern. Cloth. Price, 212.85. Pp. 281, with 268 


illustrations. Georg Thieme Verlag, Herc weg 

63, Stuttgart, Germany, 1960. In the U S.A. 

and Canada, Intercontinental Medical Book 

Corporation, New York 16, N. Y. 

The construction of the walls of the brc mchi 
and bronchioles makes it possible for thea to 
have physiologic motion and thus to dilate and 
to constrict. The embryology, histology, and 
anatomy of the bronchial system are described 
briefly. There are good illustrations of the 
bronchopulmonary segments. 

Dr. Di Rienzo is well known for his techrixjue 
in bronchography using serial roentgenogrz phy 
under fluoroscopic control. He aims to get the 

early, intermediate, and late phases of fillit x of 
the bronchi in each case. He claims that "a/veo- 
lar" filling i is possible only with the use of low 
viscosity contrast material. The significanec e of 
respiration and coughing regarding the size of 
the bronchial lumen and visualization of perho- 
logic processes is very well demonstrated. 

The value of bronchography in cases of con- 
genital anomalies of the bronchi, asthma and 
emphysema and, of course, in bronchiectasis is 
discussed in extenso. In asthma there are, 
among other findings, a narrowing of all the 
bronchi of the second, third, and fourth o-der, 
a slow progression of the contrast material, 
considerable stasis in the small bronchi, and 
failure of filling of the acini. The appearanee of 
the bronchial tree in Echinococcus of the ung 
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is discussed in great detail with numerous beau- 
tiful illustrations of some of the authors’ cases. 
Bronchography is especially valuable in the 
early diagnosis of bronchogenic carcinoma in 
that it enables one to study the physiologic and 
pathologic dynamics of the normal and ab- 
normal bronchi. The exact location and number 
of lung abscesses can be discovered with 
bronchographic study; similarly, with empy- 
ema. This method of study is also valuable in 
observing the postoperative bronchial stump. 
SauvEL Ricuman, M.D. 


Mrpicar X-Ray TECHNIQUE; PRINCIPLES AND 
Appiicarions, By G. J. van der Plaats, 
Chief Radiologist of the X-Ray Department 
at St. Annadal Hospital, Maastricht, and 
former Professor of Radiology in the Uni- 
versity of Groningen. Cloth. Price, 310.00. 
Pp. 480, with 213 illustrations. The Mac- 
millan Company, so Fifth Avenue, New York 

1, N. Y., 1959. 

This work gives a thorough, at times quite 
technical, description of the operation and con- 
struction of most roentgen-ray equipment and 
accessories in use today. It is written for the 
technician and provides him with a broad, 
detailed understanding of these tools. The au- 
thor presupposes a knowledge of basic physical 
concepts, but he includes a chapter on radiation 
physics which is quite comprehensive, Through- 
out the book, the tone is scientific and it stresses 
the physical foundation of this medical field, 
since the author’s concern here is not with 
teaching the standard roentgenographic tech- 
niques and positions. 

The book is recommended to those techni- 
cians who desire a more detailed knowledge of 
the equipment they use daily in diagnosis and 
therapy. Radiologists may want to add this 
volume to their libraries for the same reason. 


Davip Morse, Jr., M.D. 


PNEUMOSTRATIGRAFIA CEREBRALE NORMALE. 
By M. Lenzi, G. C. Canossi, and G. Bassani. 
Price, L. 3,000. Pp. 92, with 57 illustrations. 
Minerva Medica, Società Tipografica Edi- 
trice, Bologna, Italy, 1959. 

For several years, Professor Lenzi and his co. 
workers have applied laminagraphy to differ- 
entiate the superimposed and confusing shad- 
ows usually seen at encephalography. 

This work is essentially an atlas in which 
normal laminagrams made at encephalographic 
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examination, taken serially at various levels, 
are shown and interpreted by schematic draw- 
ings with labelled structures. This approach is 
very satisfactory. The legends are printed both 
in Italian and in English, making this book use- 
ful for readers of the English language. 

The atlas proper is preceded by a short text 
explaining the principles involved and the 
techniques employed. In this text the authors 
describe their method of fractionated gas filling 
and the special laminagraphic apparatus which 
they have developed for this type of work. 

C. Granrerco, M.D. 


Rénrcenanatomig. By Prof. Dr. med. D. 
Nagy, Vorstand des Institutes für chirur- 
gische Anatomie und experimentelle Chirur- 
gie der medizinischen. Universität, Buda- 
pest. Cloth. Pp. £09, with 545 illustrations. 
Akadémiai Kiadó, Budapest, 1959. 


This book on roentgen anatomy exemplifies 
the attention to detail and thoroughness of 
coverage usually given to a subject by most 
Continental writers. The author illustrates each 
anatomic region by means of photographs to 
show the positions utilized for each examina- 
tion, Photographs and drawings depict the 
relationships between surface landmarks and 
underlying structures. Anatomic dissections in 
clear detail further aid in revealing structural 
relationships. 

The book is profusely illustrated with nega- 
tive image roentgenograms which are more 
familiar to us than the positive image repro- 
ductions often found in foreign texts. They are 
of the highest quality throughout the book. 

Of particular value is the chapter dealing with 
the anatomy of the pulmonary segments, 
bronchi and vessels; it is well illustrated with 
bronchograms and laminagrams, Photographs 
of the dried skull in various projections supple- 
mented by roentgenograms of these ace 
and the living subject are effectively used 1 
another outstanding chapter. 

This book is an excellent German text on the 
subject of roentgen anatomy and an especially 


fine example of quality in the reproduction of 


medical material. 
Davin Morse, Jr., M.D. 


BOOKS RECEIVED 


STRAHLENSCHUTZ IN KLINIK UND ARZTLICHER 
Praxis. By Prof. Dr. med. Werner Lorenz, 
Oberarzt am Róntgen- und Strahleninstitut der 
Johannes Gutenberg, Universitat Mainz. Cloth. 


Tecenik DER RóNrGENDIAGNOSCIK, By 





i 


Price, $15.70. Pp. 259, with 62 illustrations. Georg 
T xeme Verlag, Herdweg 63, Stuttgart, Germany, 
eta. In the U.S.A. and Canada, Interconti rental 

V ehical Book Corporation, New York 16, N. Y. 

Priv.-Doz, 
1x. Hanno Poppe, Leiter des Róntgeninstituts der 
Cururg.. Univ.- Klinik. Göttingen, Oberarzt. der 
Kämiks Hse Lohstöter, 1. Med.-techn. Assistentin 
les Rontgeninstituts der Chirurg. Univ..Klinik 
Lextingen; and Dr. Ph. Lauwers, Direktor der 
A» für Röntgen und wissenschafthche Anwen- 
a Gevaert Photo-Producten N. V. Mortsel 

etwerpen), Belgium. Cloth. Price, 320.95. Pp. 
sta, with 328 illustrations. Georg Thieme Verlag, 
Heerdweg 63, Stuttgart, Germany, 1961. In the 
LU S.A. and Canada, Intercontinental Medical 
Bosk Corporation, New York 16, N. Y. 

Asscat Review or NUCLEAR Scigce. Volume to. 
Ebted by Emilio Segrè, University of California; 
Gerhart Friedlander, Brookhaven National Labor- 
avery; and Walter E. Meyerhof, Stanford Uni. 
versity. Cloth. Price, 37.00. Pp. 617. Annual Re- 
vaars, Ine, 231 Grant Ave., Palo Alto, Calif, 
leto. 

Ter Year Boor or Rabiorocv (1960-1951 YEAR 
Book Series). Edited by John Floyd Holt, M.D., 
Professor, Department of Radiology, University of 
\ ichizan; Walter M. Whitehouse, M.D., Associ- 
ase Professor, Department of Radiology, Uni- 
versity of Michigan; Harold. W. Jacox, M.D. 
Professor of Radiology, College of Physicians and 
Sasrcons, Columbia University; Chief, Radiation 
Taerapy Division, Radiologic Service, Presby- 
tern Hospital, New York City; and Morton M. 
kizerman, M.D., Professor of Radiology and 
Chairman of the Department of Radiology, Yale 
Usyversity School of Medicine, Director of Radi- 
oogv, Grace-New Haven Community Hospital. 
Cath. Price, $11.00. Pp. 441, with 305 illustra- 
tess. Year Book Publishers, Inc., 200 E. Hlinois 

, Chicago, HL, 1960. 

ComerntraL MALFORMATIONS OF 





THE Heart; VoL- 





vas |: GENERAL CONSIDERATIONS. Second edi- 
tio. By Helen B. Taussig, M.D., Professor of 
Patres, Johns Hopkins University School of 





Medicine; Physician-in-Charge, Cardiac. Clinic, 
Haeriet Lane Home, Johns Hopkins Hospital. 
C cth. Price, $4.75. Pp. 204, with numerous illus- 
tririons. Published for The Commonwealth Fund 
b- Harvard University Press, Cambridge 38, 
N ass., 1960. 
CSN EARATIVE ANATOMY, PATHOLOGY anp ROENT- 
5:xoLOoGv or THE Breast. By Helen Ingleby, 
ND, M.R.C.P., Late Professor of Pathology, 
Vroeman’s Medical College of Pennsylvania; Re- 
serch Pathologist on Diseases of the Breast, 
Acbert Einstein Medical Center, Philadelphia, 
Peensylvania; and Jacob Gershon-Cohen, M.D., 
Esc. (Med), Department of Radiology, Albert 
E estein Medical Center; Assistant Professor of 
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Radiology, Graduate School of Medicine, Uni- 
versity of Pennsylvania. Cloth. Pp. 472 with 201 
illustrations. University of Pennsylvania Press, 
3436 Walnut St., Philadelphia 4, Pa., 1960. 

La Lumière BLEUE; LUMINESCENCE PAR EFFET DE 
SILLAGE DANS LES MILIEUX TRANSPARENTS SOUMIS 
AUX RADIATIONS DE HAUTE ÉNERGIE. By Lucien 
Mallet. Paper. Pp. 150, with 53 illustrations. J.-B. 
Balliére & Fils, Editeurs, 19, Rue Hautefeuille, 
Paris 6°, France, 1960. 

ABRIDGED SCIENTIFIC PUBLICATIONS FROM THE 
Kopak Research Laporarortes. Volume 
XXXIV. Paper. Pp. 253. Eastman Kodak Com- 
pany, Rochester, N. Y., 1960. 

Transcripr OF THE WorKsHor on Bone Denst- 
TOMETRY; held at the Stone House, National 
Institutes of Health, Bethesda, Maryland, De- 
cember 4, 5, 1959. Paper. Pp. 240. Fels Research 
Institute for the Study of Human Development, 
Yellow Springs, Ohio, 1960. 

THe SCANDINAVIAN JOURNAL or Crinicar « Lago- 
RATORY INVESTIGATION; VOLUME 1I—=SurPLe- 
MENTUM 44; CARDIOPULMONARY HEMODYNAMICS 
IN Curonic Lure Disease wir Speciar REFER- 
ENCE TO PutmMonary Tusercutosis. By Carsten 
Müller. Paper. Pp. 369. Ejnar Munksgaard, 6 
Nörregade, Copenhagen K, Denmark, 1959. 

THE SCANDINAVIAN JOURNAL or CutnicaL & Lago- 
RATORY INVESTIGATION; VOLUME 12—SurimLE- 
MENTUM 45; INFLUENCE OF ÀNIONS AND CATIONS 
wrrH A Loro Hyprocarson CHAIN ON THE 
THRoMBIN-FiprinoGen Reaction, By Kristoffer 
Korsan-Bengtsen. Paper. Pp. 86. Ejnar Munks- 
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gaard, 6 Nörregade, Copenhagen K, Denmark, 
1960. 

THe SCANDINAVIAN JOURNAL or Crintcar « Lago- 
RATORY INVESTIGATION; VOLUME 12—SUPPLEMEN- 
TUM 46; Haemopuitia; A Srupy or Irs LABORA- 
TORY, Ciintcat, Generic AND SOCIAL ASPECTS 
Basen on Keown Haemopniniacs IN FINLAND, 
By Eero Ikkala. Paper. Pp. 144. Ejnar Munks- 
gaard, 6 Nórregade, Copenhagen K, Denmark, 
1960. 

Tug SCANDINAVIAN JOURNAL or Cusicat x Lago- 
RATORY INVESTIGATION; VOLUME 12—SUPPLEMEN- 
TUM 47; STUDIES ON Urinary EXCRETION or ô- 
AMINOLAEVULIC ACID AND Orner Harem Prrcur- 
sons IN Leap Workers AND LEAD-INTOXICATED 
Rassirs. By Birgitta Haeger-Aronsen. Paper. Pp. 
128. Ejnar Munksgaard, 6 Nörregade, Copen- 
hagen K, Denmark, 1960, 

THE Scandinavian JOURNAL or Cuixicat & Lago- 

















RATORY INVESTIGATION; VOLUME 12—~Suppie- 
MENTUM 48; METHODISCHE UND KLINISCHE 


UNTERSUCHUNGEN ÜBER DIE AUSSCHEIDUNG DER 
3-Mernoxv-g-HyDROXYMANDELSÄURE IM Unix. 
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SOCIETY PROCEEDINGS 





MEETINGS OF RADIOLOCICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Soctery 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Deauville Hotel, Miami Beach, 
Fla., Sept. 26-29, 1961. 

AMERICAN Raprum SocigrY 
Secretary, Dr. Charles G. Stetson, 350 Engle Street, 
Englewood, N. J. Annual meeting: Broadmoor Hotel, 
Colorado Springs, Colo., May 1o-14, 1961. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary, Maurice Doyle Frazer, 1037 Stuart Bldg., 
Lincoln, Neb. 

Treasurer, Dwight Vincent Needham, 713 E. Genessee 
St, Svracuse, N. Y. Annual Meeting: Palmer House, 
Chicago, HL, Nov. 26-Dec. 1, 1961. 

AMERICAN CoLLEGE or RapioLocy 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting to be an- 
nounced. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West ror Eighth Ave., Spokane 4, Wash. Annual 
meeting: New York City, June 26-30, 1961. 

American Board or RapioLocy 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building. Rochester, Minn. 
The Spring 1951 examination will be held at the Denver 
Hilton Hotel, Denver, Colorado, June 19-22, inclusive; 
the deadline for filing "applications was January 1, 1961. 
"There will be no Special Examination in Nuclear Medi- 
cine. The Fall 1961 examination will be held at the 
Shoreham Hotel, Washington, D. C., December 4-7, in- 
clusive; the deadline for filing applications i is July 1, 
1961. A Special Examination in Nuclear Medicine will 
be offered if there are sufficient applications. 

TENTH INTERNATIONAL CONGRESS or RADIOLOGY 
Secretary-General, Dr. Carleton B. Peirce, Royal Vic- 
toria Hospital, Montreal 2, Quebec, Canada. Meets in 
Montreal, Aug. 26-Sept. 1, 1962. 

SEVENTH INTER-AMERICAN CONGRESS or RADIOLOGY 
Counselor for the United States, Dr. J. A. del Regato, 
Penrose Cancer Hospital, 2200 ‘North Cascade Avenue, 
Colorado Springs, Colorado. The meeting will be held in 
São Paulo, Brazil, September 3-10, 1961. 
Secretary- Gener ral, Dr. Walter Bomfim-Pontes, 
Cesario Motta, No. 112, Sdo Paulo. 

ALABAMA RADIOLOGICAL Society 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, Ill 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary, Dr. Don E. Matthieson, 926 East McDowell 
Rd., Phoenix, Ariz. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIGLOGICAL SOCIETY 
Secretary, Dr. J. B. Scruggs, Arkansas Baptist Hospital, 
Little Rock, Ark. Meets every three months and also at 
time and place of State Medical Association. 

Association OF UNIVERSITY RADIOLOGISTS 
Secretary, Dr. Melvin M. Figley, Department of Radi- 
ology, University of Washington, Seattle 5, Wash, 
Annual meeting to be announced. 


Rua 


Atianta RADIOLOGICAL SOCIETY 
Sewxesary, Dr. Wilson T. Edenfield, 35 Linden Ave., N.E., 
Atarza 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 

Biocxiy RADIOLOGICAL SOCIETY 
Seweary, Dr. Samuel Finkelman, 101 S. Twentieth St. 
Pk ladelphia, Pa. 

Broexryn RADIOLOGICAL SOCIETY 
Searesary, Dr. Joseph Arcamano, 168 Clinton St., Brook- 
lyr EN, Y. Meets first Thursday of each month October 
throwrh May. 

Bursata RADIOLOGICAL SOCIETY 
Sesreiiry, Dr. Kenneth H. Seagrave, 537 Delaware Ave., 
Bifeo 2, N. Y. Meets second Monday evening each 
menti, October to May inclusive. 

Cenzrat New York RADIoLOGICAL SOCIETY 
Searesary, Dr. Joseph A. Head, 15c Marshall St., Syra- 
cuze, N. ' Y. Meets first Monday each month October 
thrush May. 

Crencraw Ouro RADIOLOGICAL SOCIETY 
Searezzry, Dr. Robert L. Freidman, Grant Hospital, 
Ce ura bus, Ohio. Meets at 6:30 p.m. on second Thursday 
of Je ober, November, January, March and May at Fort 
Heye Hotel, Columbus, Ohio. 

Cesme Socterv or Nuctear MEDICINE 
Seeeäry, Dr. Robert S. Landauer, Radiation Center 
Belding, 1903 West Harrison St., Chicago 12, lil. 

Cuicacs RogNTGEN SOCIETY 
Seereiary, Dr. William F. Hutson, 5145 N. California 
Ave. Chicago, Hi. Meets second Thursday of each 
menti: „October to April except December at the Sheraton 
Herel at 8:00 PM. 

CLEWELaND RADIOLOGICAL SOCIETY 
Searetary, Dr. Norman E. Berman, 14404 S. Park Blvd., 
Shaker Hats. 20, Ohio. Meetings at 7:00 p.m. on fourth 
Monesy of each month from October to April at Tudor 
Arns Hotel. 

Corcna»o RADIOLOGICAL SOCIETY 
Seweiary, Dr. Bertram L. Pear, 3705 East Colfax Ave., 
Denver 6, Colo. Meets third Friday of each month at 
Denver Athletic Club from September through May. 

Conreertcut VALLEY Rapto.ocic Society 
Sesrezicy, Dr. James L. Krieger, 85 Jefferson St, Hart- 
ford, 2 Zonn. Meets first Friday in February and April. 

Daizas Fort ROLE RADIOLOGICAL SOCIETY 











Sesrezirv, Dr. J. Bonte, $201 Harry Hines Blvd., 
Dake 35 Texas. Meets monthly, third. Monday, at 
Grearer Fort Worth International Airport at 6:36 P.M. 


Dzr»or- RoeNTGEN Ray AND RADIUM ee 
Sesreir», Dr. Kenneth L. Krabbenhoft, Harper Hos- 
pital, Detroit 1, Mich. Meets monthly first Thursday, 
Ocoker through May, at David Whitney House, 1010 
Arziesam, at 6:30 P.M. 
Fast Bay RoENTGEN Society 
Seweiry, Dr. Dan Tucker, 434 goth St., Oakland 9, 
leets first Thursday each month at Peralta 
speatal, Oakland, 
East TzuNEssEE RaproLoaicaL Socrzrv 
Seeretsry, Dr. J. Marsh Frere, Jr, 205 Medica Arts 
Buldzg, Knoxville, Tenn. Meets in January and Sep. 
terabi 
Easrzns Conference or RapioLocy 
Seeretery, Arrangements pons Dr. Philip Myers, 
Batimore City Hospital, Baltimore 24, Md. Annual 
met g: Lord Baltimore Hotel, Baltimore, Md., March 











* Secretaries of societies are requested to send sie iteration promptly to the Editor. 


597 


598, 


Eastern RADIOLOGICAL Society 
Secretary, Dr. John D. Osmond, Jr., Euclid-Glerwille 
Hospital, Cleveland 19, Ohio. Meets at Mid Pines Club 
Southern Pines, N. C., April 16-19, 1961. 

Froripa RADIOLOGICAL SOCIETY 
Secretary, Dr, Alfred G, Levin, 837 DuPont Bldg., Mami, 
Fla. Meets twice annually, in the spring with the aanual 
State Society Meeting, and in the fall. 

Froripa West Coast KADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Joseph C. Rush, 1800 Druic Rd., 
Clearwater, Fla. 

Georgia RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brown, Griffin, Ga. Meets 
in spring and fall with Annual State Society Meeting. 

GREATER Miami RapioLocicaL SocigTY 
Secretary, Dr. Donald H. Altman, 2751 Coral Way, 
Miami, Fla. Meets monthly third Wednesday at € p.m. 
at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Lours RAptoLoGicAL Society 
Secretary, Dr. Harvey A. Humphrey, 462 N. Tayler, St. 
Louis 8, Mo. 

Houston Rapiotocicat Society 
Secretary, Dr. John Douglas Reeve, Texas Medical Cen- 
ter Library, Jesse H. Jones Library Bldg., Houston 2<, 
Texas. Meets last Monday each month, Seminar Room, 
Doctors’ Club of Houston. 

Ipano Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. Claude W. Barrick, St. Alphonsus Hos- 
pital, Boise, Idaho. Meets in the Spring and Fall. 

lutinots RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Cënic, 
Urbana, Ill. Meets in spring and fall, 

INDIANA RoENTGEN Soctery, Inc. 

Secretary, Dr. David E. Wheeler, 1500 North Rizter, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 
lowa Rapto.ocicat Society 

Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Lewis G. Allen, 807 Huron Bldg., Kansas 
City, Kansas, Meets in spring with State Medica! So- 
ciety, and in winter on call. 

Kentucky RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert H. Akers, V. A. Hospital, Leuis- 
ville 2, Ky. Meets monthly on second Friday at Seelbach 
Hotel, Louisville. 

Kinos County RapioLoGIcaL Socrety 
Secretary, Dr. Abraham Berens, 1917 Bedford Ave., 
Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 
8:45 P.M. 

Los AnceLEs Raprotocica Soctery 
Secretary, Dr. Walter Stilson, 1720 Brooklyn Ave, Los 
Angeles, Calif. Meets second Wednesday of month in 
September, November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles. 

Maine RADIOLOGICAL SOCIETY 
Secretary, Dr. Albert A, Poulin, Thayer Hospital, Water- 
ville, Maine. Meets in June, September, December- and 
April. 

MARYLAND RaptroLocicat Socterr 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Piace, 
Baltimore 17, Md. 

MzMrurs RogNTGEN SOCIETY 
Secretary, Dr. Hollis H. Halford, Kennedy V.A. Hospital, 
Department of Radiology, Memphis 15, Tenn. Meets 
first Monday of each month at John Gaston Hospizal. 

Miami VaLLEY RapioLocicaL Society 
Secretary, Dr. S. F. Johnson, 2197 Los Arrow Dr., Day- 
ton 9, Ohio. Meets second Friday of fall and winter 
months. 


Sociery Proceedings 


MARCH, 1961 


Mrp-Hupson Raptotocica Society 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 p.m., fourth Wednesday 
each month, September to May. 

MiLwauker Roentcen Ray Society 
Secretary, Dr. Joseph F, Wepfer, sooo W, Chambers St., 
Milwaukee to, Wis, Meets monthly on fourth Monday, 
October through May, at University Club, 

Minnesota RADIOLOGICAL Society 
Secretary, Dr. Donald H. Peterson, 853 Medical Arts 
Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring. 

Mississippi RaproLoecrcaL Socrery 
Secretary, Dr. Jack K. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at Hotel Edwards, Jackson, at 6:00 P.M. 

Mowrana Raptotoaicat Society 
Secretary, Dr. J. K. Boughn, 35 11th Ave., Helena, 
Montana. Meets at least once a year. 

Nassau RaptoLocicaAL Society 
Secretary, Dr. Alan E. Baum, too Nowbridge Rd., 
Hicksville, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

Nesraska RaproLocicaL Society 
Secretary, Dr. Ronald E. Waggener, The Radiologic 
Center, Nebraska Methodist Hospital, Omaha 31, Ne- 
braska. Meets third Wednesday of each month at 6 p.m. 
in Omaha or Lincoln. 

New ENGLAND Roentcen Ray Society 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through May at The Longwood Towers, Brook- 
line, Mass. 

New Hampsuire Roentcen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New York Roentcen Society 
Secretary, Dr. Albert A. Dunn, 622 W. 168th St., New 
York, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine at 4:30 P.M. 

Norty Carona RaproroctcAL Socrety 
Secretary, Dr. A. B. Croom, 624 Quaker Lane, High 
Point, N. C. Meets in the spring and fall each year. 

Nortu Dakota RaptoLoctcAL Socrery 
Secretary, Dr. R. F. Raasch, Post Office Box 990, Dickin- 
son, North Dakota. Meets at time of State Medical 
Association meeting. Other meetings arranged on call 
of the President. 

NonTH Frortpa Raprotocica Society 
Secretary, Dr. Charles H. Newell, 809 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NonTHEAsTERN New York Rapro.ocicat Society 
Secretary, Dr. Lester 1. Citrin, St. Mary's Hospital, 
Troy, N. Y. Meets in Albany area on second Wednes. 
day of October, November, March and April. 

NortHern CALIFORNIA Rapro.ocicat Society 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

Ouro State RADIOLOGICAL SOCIETY 
Secretary, Dr. Paul D. Meyer, 125 S. Grant Ave., 
Columbus, Ohio. Annual meeting third week end in May, 
1961 at Columbus, Ohio. 

OKLAHOMA SrarE RADIOLOGICAL SOCIETY 
Secretary, Dr. E. D Greenberger, Medical Arts Bldg., 
McAlester, Okla. Meets in January, May and October. 

Orecon RADIOLOGICAL Society 
Secretary, Dr. George R. Satterwhite, 1123 SW. Yamhill, 
Portland, Ore. Meets monthly from October to June on 
the second Wednesday of each month at 8:00 P.M. at the 
University Chab, 
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OnLEANs Parisa RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Pactric Nortuwest RADIOLOGICAL SOCIETY 
Secretary, Dr. John N. Burkey, sss Dental Bldg, 
Seattle, Wash, Annual meeting: Portland, Oregon, May, 
1961. 

Paciric RogNTCEN Sociaty 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets annually during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick R. Gilmore, 234 State St., Har- 
risburg, Pa. Annual meeting: Bedford Springs Hotel, 
May 26-27, 1961. 

PurLaDeLPHIA KoeNtGEN Ray Socrety 
Secretary, Dr. Robert B. Funch, Department of Radi- 
ology, Germantown Hospital, Philadelphia 44, Pa. Meets 
first Thursday of each month, at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PirrspurGH RogNTGEN SOCIETY 
Secretary, Dr. Ross H. Smith, St. Margaret Memorial 
Hospital, Forty-Sixth St., Pittsburgh 1, Pa. Meets sec- 
ond Wednesdiy of month, October through June at Park 
Schenely Restaurant, 

RaproLocrcAL Section, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. James K. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. Donald Janny, Cincinnati, Ohio, Meets 
monthly from September to May on first Monday of each 
month at 7:530 P.M. at the Cincinnati General Hospital. 

RaproLocicaL Society or Hawat 
Secretary, Dr. Philip S. Arthur, 274 Young Hotel Bldg., 
Honolulu, Hawaii. Meets third Monday of each month 
at 7:30 P.M. 

RADIOLOGICAL SOCIETY OF GREATER Kansas City 
Secretary, Dr. J. Stewart Whitmore, toto Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month, 

RaproLogicaL Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Socrety or LOUISIANA 
Secretary, Dr. Robyn Hardy, 4324 Magnolia St., New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL SOCIETY or New Jersey 
Secretary, Dr. Austin J. Tidaback, 912 Prospect Ave., 
Plainfield, N. J. Meets at Atlantic City at time of State 
Medical Society meeting and in November in Newark, 
N.J. 

RaptoLogicaL Society or New York STATE 
Secretary- Treasurer, Dr Mario C. Gian, 610 Niagara St., 
Buffalo 1, N. Y. Annual meeting to be announced. 

RADIOLOGICAL SOCIETY or Sourn DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary, Dr. Joseph F. Linsman, 436 N. Roxbury Dr., 
Beverly Hills, Calif. 

Repwoop Emprre RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RrenmonD County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuaster RogNTGBRN Ray Society, Rocnaster, N. Y. 
Secretary, Dr. Robert H Greenlaw, 188 Irvington Rd., 
Rochester 20, N. Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rockv Mountain RapioLocicAt Soctarr 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
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ver zo, Colo. Annual meeting: Denver Hilton Hotel, 
Derver, Colo., Aug. 10-12, 1961, 

San Antonio-Mititary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugo F. Elmendorf, fr., 730 Medical Arts 
Bg. San Antonio 5, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer’s Club at 6:30 
Pa. 

San Diego RaproLocicaL Society 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Deego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

San Francisco RaproLogicAL Sociaty 
Secretary, Dr. M. A. Sisson, 450 Sutter St., San Francis- 
cc £, Calif. Meets quarterly at the San Francisco Medi- 
ca Society, 250 Masonic Ave., San Francisco 18, Calif. 

Secaten on RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Sesrgiary, Dr. William H. Graham, 630 East Santa Clara 
St, San Jose, Calif. 

Secctex on HRaproLoGv, Connecticut Srata MepicaL 
Secrery 
Secretary, Dr. Wayne P. Whitcomb, Hospital of St. 
Raphael, New Haven, Conn. Meetings are held bi- 
manthly. 

Secaex on RaproLocy, Menica Society or rua Dis- 
Tract OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1746 K St, N.W. 
Washington 6, D. C. Meets at Medical Society Library, 
thrd Wednesday of January, March, May and October 
at 8:05 P.M, 

Secaen on RapioLocy, ILLINOIS Stats MapicaL Society 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Caicago, Ill. 

SEccaox on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION, 
Secretary. Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Pytania St., New Orleans 15, La, Annual meeting to be 
arnounced. 

Sun:vgPoRT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
L. Meets monthly on third Wednesday, at 7:30 P.M., 
September to May inclusive. 

Socsg7v ron Peprarrie RADIOLOGY 

tary, Dr. Richard G. Lester, 412 Union St, S.E., 

rneapolis 14, Minn. Annual meeting: Deaville Hotel, 
Maem: Beach, Fla., Sept. 25, 1961. 

Socsety or Nucurar Mepicine 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Badz., Denver 2, Colo. Administraror, Samuel N, Turiel, 
470 N. Michigan Ave., Chicago 11, IH. Annual meeting: 
Perm Sheraton Hotel, Pittsburgh, Pa., June 14-17, 1961. 

Soure Bav RADIOLOGICAL Society 
Saretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each 
mokth. 

Soure CAROLINA RADIOLOGICAL Society 
Saretary, Dr. George W. Brunson, 1406 Gregg St, 
Calambia, S. C. Annual meeting (primarily business) 
ir conjunction with the South Carolina Medical Associa- 

ten meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sou-E ERN HADIOLOGICAL CONFERENCE 
Sazetary, Dr. Marshall Eskridge, Mobile Infirmary 

bile, Ala. 

SoucpwzsrERN RAproLoGicat SOCIETY 
Suretery, Dr. Ralph S. Clayton, 1sot Arizona, Bidz. 
2A, El Paso, Texas. Meets second Tuesday of each 
mouth. 

Tennessen RADIOLOGICAL SoctatTy 
S-eretary, Dr. James J. Range, P.O. Box 324, Johnson 
C tv, Tenn. Meets annually at the time and place of 
the ‘Tennessee State Medical Association meeting. 

Texas Raptotocicat Society 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1.15 Pennsylvania Ave., Fort Worth 4, Texas. Next 
meeting January 20 and 21, 1961, Texas Hotel, Fort 
Worth, Texas. 
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Tri-State RapioLocicaL Sociary 
Secretary, Dr. James R. Mathews, 118 S. E. First St., 
Evansville, Ind. Meets last Wednesday of Oct, : 
March and May, 8:00 p.m. at Elks’ Club in Evans 

Univarstry or MicHiGAN DaPARTMENT OF RORENT3EN- 
OLOGY STAFF ManriNG 
Meets each Monday evening from September to June, 
at 7:00 P.M. at University Hospital. 

Upper PeEniNsuLA RaproLocicAL Society 
Secretary, Dr. A. Gonty, Menominee, Mich. N eets 
quarterly. 

Uran Srara RADIOLOGICAL Socraty 
Secretary, Dr. Richard Y. Card, St. Mark’s Hospital, Salt 
Lake City, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

VinciNIA RADIOLOGICAL Socraty 
Secretary, Dr. Powell G. Dillard, Jr., 715 Church Sercet, 
Lynchburg, Va: Meets annually in October. 

WASHINGTON State RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph T. Houk, 14303 Ambaum Evd., 
Seattle 66, Wash. Meets third Monday of each month 
from September through April at the University of 
Washington Medical School. 

West VinGINIA RaproLoeicaL Society 
Secretary, Dr. Karl J. Myers, 112 N. Woods St., Phikppi, 
W. Va. Meets concurrently with Annual Meeting of 
West Virginia State Medical Society; other mee ings 
arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard P. Avondu, Yonkers Geaeral 
Hospital, Park & Ashburton Ave, Yonkers, N. Y. 
Meets on third Tuesday of January and October and 
on two other dates, 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Howard G. Bayley, 116 Iroquois Parkway, 
Beaver Dam, Wis. Annual meeting each spring in sari- 
ous places, 

X-Ray Srupy CLus or San Francisco 
Secretary, Dr. John H, Heald, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets monthly, third Thursday at 3:30 
P.M., Children’s Hospital, September through June 





Cusa, Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE RaptóLocos DE CENTRO AMERICA Y 
PanamA, Comprising: Guatemala, El Salvador, Jon- 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Julio Toriello, 11 Calle 2-37, zona 
1, Guatemala. Meets annually in a rotating manner in 
the six countries, 

Socrepab DE Rapto.ocia DE EL SALVADOR 
Secretary, Dr. Rafael Vega Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A 0-05, Zena 1, 
Guatemala. 

Socrepap pe RaproLocía vy FrsiorgRAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F,Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DR RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado VHI 
San José, Costa Rica. 

SocrepaD Mexicana pe Rapriorocía, A. C, 

Calle del Oro No. re. México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernandez, Meets 
first Monday of each month. 

AsocraciOn PUERTORRIQUEÑA DB Raprotocfa 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professenal 
Bldg., Santurce, Puerto Rico. 

Socrepap Raprotécica PANAMBRA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 5323, 
Panamá, R. de P. Meets monthly in a departmeat of 
radiologv of a local hospital, chosen at preceding meeting. 

Soctepap Raptotócica pg Peerro Rico 
Secretary, Dr. César E, Rosa-Perez, Fondo del Seguz: del 
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Estado, Parada 1, San Juan 8, Puerto Rico. Meets second 
Thursday of each month at 8:00 p.m. at the Puerto Rico 
Medical Association Bldg. in San Juan. 
British COMMONWEALTH OF NATIONS 
ASSOCIATION or RADIOLOGISTS OF THR PROVINCB or QUEBEC 
Secretary, Dr. Odilon Raymond, $4co Blvd. Gouin. 
Quest, Montreal, Que. Meets four times a year, 
British Instituta or RADIOLOGY INCORPORATED WITH 
THB RÖNTGEN SocinTY 
Honorary Secretary, Dr. John Blewett, 32 Welbeck St., 
London, W. 1. Meets monthly from October until May. 
FacuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. R. A. Kemp Harper, 47 Lincoln’s 
Inn Fields, London, W.C.2, England. Annual meeting 
to be announced. 
SECTION or RapioLocv or THa Rovar Society or Mept- 
cina ((Conrinep To MapicaL Mamsers), 
Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1. 
CANADIAN Association or RADIOLOGISTS 
Honorary Secretary, Dr. Robert G. Fraser, Associate Hon- 
orary Secretary, Dr. Jean-Louis Léger, 1555 Summerhil! 
Ave., Montreal 25, Que. Annual meeting to be announced, 
Monrreat Raptotocicat Stupy CLuB 
Secretary, Dr. F. McConnell, 1650 Cedar Ave., Montreal, 
Quebec. Meets first Tuesday evening, October to April. 
SECTION or RapioLoGv, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N.S 
SociérÉ CANADIENNE-FRANCAISE D’ELEcTRO-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Louis Ivan Vallée, 1058 rue St. 
Denis, Montreal 18, Canada. Meets third Saturday each 
month. 
Toronto RaproLogrcaL Society 
Secretary, Dr. L. R. Harnick, Toronto Western Hospite!, 
399 Bathurst St., Toronto, Ontario. Meets second Mon. 
day of each month September through May. 
CorrEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

CorÉcio BrastLetro DE RADIOLOGIA 
Secretary-General, D. Camillo Segreto, Avenida An. 
gélica, 1.170, Caixa Postal 5984, São, Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RabioLocía, JUNTA CENTRAL 
Buenos Alres 
Secretary, Dr. Edgardo O. Olcese, Santa Fé 1171, Buenos 
Aires, Meetings are held monthly. 

SoctepaD Borivana pe RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SoCtEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. P. Velasco, Avenida Santa Maria 
o4to, Santiago, Chile. Meets fourth Friday of each 
month. 
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Socrepap COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejía Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

Soctepap Ecuatoriana DE RaproLocía v FisiorERAPÍA 
Secretary, Dr. Publio Vargas P., Casilla 1242, Guayaquil, 
Ecuador. 

Soctepap Paracuaya DE RaproLocíA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Perú. Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrién,” Villalta 218, Lima. 

SOCIEDAD DE RADIOLOGIA DEL ÁTLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

Socrepap pe  RaproLooía, 
MÉDICA DEL URUGUAY 
Seeretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil, 

SOCIEDAD DE ROENTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


Cancerotocia Y FísicA 


CONTINENTAL Europe 


OsTERREICHISCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

Société Beroe pe RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 


The next list of Meetings of Radiological Societies 


JOURNAL, 
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Sscréré FRANÇAISE D'ELECTRORADIOLOGIE MÉDICALE, 
and its branches: Sociéré pu SUD-OUEST, Du LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
Noap, DE L'OUEST, DE L'Est, ET D'ALGER ET D'AFRIQUE 
pe Norn. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 

Secretary-General, Dr. Ch. Proux, 9, rue Daru, Paris 8°, 
France. 

CsxesLovENsKÁ SPOLEČNOST PRO ROENTGENOLOGI A RA- 
DIQLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova so, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 

DeurscHE RÖNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts- 
Rärtgeninstitut. Lagenbeckstr. 1, Mainz, Germany. 
Annual meeting: April 16-19, 1961, in Hamburg. 

SecizrÀ IrALiANA DI RADIOLOGIA MEDICA E DI MEDICINA 
NUCLEARE 
Serzetary, Dr. Ettore Conte, Ospedale Mauriziano, Torino, 
Italy. Meets annually. 

NEDERLANDSE VERENIGING VOOR ELECTROLOGIE EN RÖNT- 
GENOLOGIE 
Secretary, Dr. J. R. von Ronnen, Violenweg 14, den Haag 
Netherlands. 

ScANCINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
iom association called the Northern Association for 
Medical Radiology, meeting every second year in the 
Aifferent countries belonging to the Association. 

Scerspap EsPARoLA DE RaproLocía v ELEcrRoLOGÍA 
Miänicas v MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
Nc. 9, Madrid, Spain. Meets monthly in Madrid. 

ScawrizERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NIEKLEARMEDIZIN (SociÉré Suisse DE RADIOLOGIE ET 
ze MÉDECINE NUCLÉAIRE) 

Seerztary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


INDIA 


Ino1ax RADIOLOGICAL ASSOCIATION 
Seerstary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 
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ROENTGEN DIAGNOSIS 
Heap 


Femperc, S. B. Congenital mesodermal dys- 
morpho-dystrophy (brachymorphic type). 
Radiology, Feb., 1900 74, 218-224. (Address: 
737 E. 22nd St., Minneapolis 4, Minn.) 


Dysmorpho-dystrophia mesodermalis congenita, 
or congenital mesodermal dystrophy, appears to be 
a suitable broad category in which to include the 
findings described by Marfan at one extreme (7.e., 
the hypoplastic, arachnodactylic, er dolichomorphic 
type) and Marchesani at the other (Ae, the hyper- 
plastic, brachydactylic, or brachymorphic type). 
Marchesani’s syndrome per se has not been reported 
in either the American or foreign radiologic litera- 
ture, although it has been described in the publica- 
tions in other fields. The syndrome includes short 
stature, a brachycephalic skull, brachydactyly, well- 
developed subcutaneous tissues, myopia and glau- 
coma with frequent association of spherical and/or 
dislocated lenses, and sometimes congenital heart 
defects. A familial tendency and consanguinity in 
the parents have been reported. 

Roentgenologically, the skull, facial bones, hands, 
and feet have been the primary areas of involve- 
ment. The most obvious finding is grotesque exag- 
geration of brachycephaly, with small, shallow, 
closely placed orbits, diminutive maxillae, hypo- 
plastic zvgomatic arches, arched palate, and either 
actually or relatively prognathic mandible. The pres- 
ence of depressed maxilla and prognathic mandible 
set this syndrome apart from craniofacial mandibular 
dysostosis. 

Two cases are presented, occurring in sisters aged 
ten and seven at the time of admission, with similar 
findings in each child. There was a history of re- 
tarded development, repeated respiratory infections, 
poor vision associated with headaches, fatigability, 
and recurrent ulcerations of the feet. Heart murmurs 
were discovered in each child in infancy. Each was 
noted to have a prominent forehead with abundant 
coarse hair extending low on the forehead and neck, 
hypoplastic maxillae with a high arched palate and 
maldeveloped, deformed, and misdirected teeth. The 
mandible appeared prognathic. There were small 
sunken eyes with lids which could not completely 
open and reversed lid angles. There was poor vision 
associated with abnormalities of the ocular struc- 
tures. The hands and feet were short and broad, as 
well as thick. The skin folds, especially about the 
hands and thighs, were thickened, and the hands 
showed ulnar deviation. There was clinical and 
roentgenologic evidence of patent ductus arteriosus, 
which was corrected surgically in each child. Roent- 
genographic findings included the strikingly brachy- 
cephalic skull, with shallow, hypoplastic, asym- 
metric orbits, hypoplastic and depressed maxillae, 
maldeveloped teeth, and relatively pregnathic man- 
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dink, The metacarpals, metatarsals, and phalanges 
were short and broad, and one child had roentgen 
evac ence of retarded bone age. The long bones were 
screwhat short but not broad. alter H. Jarvis, 
Je, M.D. 


GENITOURINARY SYSTEM 


Hinpreru, EUGENE A., PENDERGRASS, Henry 
I*, Tonpreav, RopericK L., and RITCHIE, 
Davin J. Reactions associated with intra- 
venous urography: discussion of mechanisms 
and therapy. Radiology, Feb., 1960, 74, 

4. (Address: E. A. Hildreth, Hospital 

cf the pru of Pennsylvania, Phila- 

celphia 4, Pa.) 


246-24 


K he use of iodide compounds for intravenous uro- 
griohy is increasing rapidly. In the United States 
alome there has been a fivefold increase in the past 
fc.acteen years and, as a result, more fatal as well as 
neríatal reactions are being reported each year. The 
cl recal picture of reactions associated with intra- 
verwus urography is that of a mild toxic reaction or 
ar vlergic reaction. The mild toxic reactions consist 
o phlebitis, pain in the arms, nausea, flushing, giddi- 
n ss tingling, numbness, and cough. These seldom 
p«ceed to more serious consequences. The allergic 
reactions may be mild (urticaria, conjunctivitis or 
rbimitis) or severe (dyspnea, shock, or cyanosis). 
Taise allergic reactions are the ones that endanger 
he 

The exact mechanism of the reactions to organic 
cerrtrast media is not clear but at least three possible 

uses have been considered: toxicity, pharmacologic 
ic3esvnerasy, and allergy. Neither pharmacologic 
ic 4csvncrasy nor toxicity can be implicated seriously. 

he exceptions, where toxicity was a major factor, 
have been observed chiefly in children receiving large 
doses and in patients otherwise seriously ill. The 
avi Hable evidence indicates that allergy is the chief 
case of serious and fatal reactions. 

zet present reactions to the iodides cannot be pre- 
d-ced accurately. A history of allergy can be used 
as : warning but is not of itself an absolute contra- 
ircication. Also, as the authors state, "the imme- 
e wheal and erythema skin tests (reagenic type) 
ave worthless in predicting reactions to the iodides 
now being used in contrast study." Therefore, it is 
saggested that the most practical approach is to 
test the patient by observing his tolerance for a 

sn’ dose of the medium. An experimental program 
wesented that may be of value or may lead to 
rew techniques in preventing reactions. This con- 
ss of a careful history, prior subcutaneous testing 
viva dilute contrast material, a small test dose at 
t3c time of examination, and careful observation for 
rz ctions following the injection. 

When reactions occur they can immediately as- 
sime the most serious proportions. Therefore, the 
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first step in therapy is the establishment of an emer- 
gency plan of action. If allergic manifestations sp- 
pear, therapy proceeds aceording to the type of reie- 
tion. The reactions of dyspnea wheezing or cyanosis 
are immediately treated with ADEM (intza- 
* muscularly administered epinephrine HCI, 1:1oco 
9.5 cc.) with concurrent attention to proper oxyger a- 
tion and establishment of an airway if cyanosis 
appears. If shock appears, longer acting vasopress« rs 
are used. It is emphasized that convulsions are mest 
often associated with cyanosis and are due to anox a 
Barbiturates are helpful in convulsions not due to 
anoxia but they would be harmful in the presence of 
cyanosis, 

For the reactions of asthma and pulmonary eden a, 
epinephrine is recommended although aminoph-i- 
line and prednisolone 21-phosphate are valuab e. 
In the event of total vascular collapse and coma, te 
authors recommend epinephrine, the shock positicn, 
vasopressors, oxygen and prednisolone 21.phcs- 
phate. Laryngeal edema is rare but is best treated 
with epinephrine with or without tracheotonm. 
Cortisone-like drugs are not useful in the first critic] 
minutes and respiratory stimulants and calcium 
therapy have no value. In the event of cardiac rr- 
rest, the authors suggest the simpler methods of 
cardiac resuscitation such as blows to the ches, 
cardiac stimulation by injections, and rocking tae 
patients knees against his chest.— Edward B. Be~, 
M.D. 


SKELETAL SYSTEM 


McGavran, M. H., and Spapy, H. A. Eosin o- 
philic granuloma of bone; a study of twent ~- 
eight cases. 7. Bone & Joint Surg., Sepi., 
1960, 42-4, 979-992. (From: Division sof 

Surgical Pat hology and Orthopaedic Surger », 

Department of Surgery, Washington Uri 

versity School of Medicine, Barnes Ho- 

pital, St. Louis Children’s Hospital, and tle 

Barnard Free Skin and Cancer Hospital, St. 

Louis, Mo.) 


This is a review of 28 proved cases of eosinophike 
granuloma of bone. All but 1 were symptomatical v 
single. Clinical observations must be considered a 
ing at a diagnosis and patients with dermauts, 
ly mphadenopathy, hepatosplenomegaly, anemit, 
thrombopenia, otitis media, diarrhea, diabetes ia- 
sipidus or pulmonic infiltration were classified : 
either Abt-Letterer-Siwe disease or Hand.Schüll— 
Christian syndrome. 

There were 15 male and 13 female patients with 
an average age of 13.3 years. Only one patient was 
over 30. The common sites of the lesions were tle 
skull and femur, each with 7 lesions and the ribs arzi 
mandible with 3. Pain of « short duration was tle 
presenting symptom. The laboratory studies were 
not of diagnostic assistance. In 1 case out of 9 m 
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which bacterial cultures were done, the authors 
isolated an atypical acid fast organism on culture 
but were unable to determine its significance. 

Roentgenologically, the lesions in the fat bones 
appeared as sharply defined, "punched-out" areas. 
None had button sequestra. A dermoid cyst may 
have a similar appearance. The rib lesions were 
lobulated, destructive and expansile with slight peri- 
osteal reaction. In the long bones there was no in- 
volvement of the epiphyses. In children the lesions 
may be difficult to differentiate from Ewing's tumor 
or osteomyelitis, since they are a destructive process 
with erosion of the cortex and moderate to marked 
new bone formation with periosteal lavering. In 
adults the lesions in the long bones showed as ill 
defined central radiolucencies with little cortical 
erosion or periosteal reaction. 

No Be of therapy was followed routinely. The 
skull and rib lesions were usually excised. T he other 
lesions were not treated or had curettage or irradia- 
tion. 

Serial roentgenograms were available in only 9 
cases, but in all 28 no signs or symptoms persisted 
after treatment. In 1 case a soft tissue implant 
developed in the scar after biopsy and irradiation. 
There were no cases with transition to Hand-Schiil- 
ler-Christian disease. 

The authors urge careful microbiologic study of 
the tissues removed at surgery to better clarify the 
etiology of these lesions.—Martha Mottram, M.D. 


Aakuus, TryGve, Oppvan, EIDE, and STOKKE, 
TRovatp. Parosteal osteogenic sarcoma. 
Acta radiol., July, 1960, 54, 29-40. (From: 
The General Department and the Pathology 
Laboratory, The Norwegian Radium Hos- 
pital, Oslo, Nare 


The authors present their experiences with s cases 
of parosteal osteogenic sarcoma selected from their 
85 cases of osteogenic sarcoma over a fifteen year 
period, and briefly review the literature. Their find- 
ings were essentially the same as reported prev 1ously. 

Thirty-four previous cases have been reported. 
There is no sex predominance. The average age is 
higher than in cases of osteogenic sarcoma with 44 
per cent being over thirty years of age. Duration of 
symptoms is prolonged. The tumor is usually meta- 
physeal with the cistal femur being the most common 
location. 

The roentgenologic appearance is described as a 
juxtacortical, broad-based, densely ossified mass. 
Sclerosis is most marked at the base with an irregular 
periphery. Rarefactions may be present within the 
tumor. Characteristically, the tumor encircles the 
shaft with cortical thickening at the point of attach- 
ment. The usual signs of malignancy are absent. 
The appearance may remain unchanged for years. 
Recurrence after : inadequate excision may appear in 
the surrounding soft tissues. 
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The histologic appearance of the tumor is charac- 
teristic in typical cases. However, findings will vary 
from one area of the lesion to another, often causing 
under-rating of the tumor by the pathologists. 

Of the 39 patients, 8 died after an average of eight 
vears. One of these was treated by irradiation; the 
others by surgery. Twenty-one are alive after an 
average of seven years. Sixteen had primary exci- 
sions; the others amputations. Ten died of other 
causes, or the information obtained was unreliable. 
The authors feel that radiation therapy is of little 
avail. Permanent cure can be expected only after 
wide excision. Recurrence is common after local 
excision with the recurrent tumor being more highly 
malignant. Ultimately, extensive metastases are 
found. These often are slow growing. 

Similar lesions are briefly discussed. Myositis 
ossificans and ossifying subperiosteal hematomas 
usually have a preceding history of trauma. These 
also tend to reach a maximum size and then regress. 
An osteochondroma usually does not encircle the 
shaft and has a core of cancellous tissue continuous 
with the medulla. Sclerotic osteogenic sarcoma is 
rapidly growing, has the characteristics of malig- 
nancy, and is usually associated with systemic reac- 
tions.» Barry Gerald, M.D. 


AvrkEN, A. P., and Nargnurr, Kk. A. Volar 
transnavicular perilunar d ditlocdtiou of the 
carpus. 7. Bone © Joint Surg., Sept., 1960, 
42-4, 1051-1057. (From: Orthopaedic Ser- 
vice, Boston City Hospital, Boston, Mass.) 


'The usual perilunar dislocation is cf the dorsal 
type with a transnavicular fracture. 

A case is presented of a twenty-one year old male 
who fell and landed on the dorsum of the flexed 
hand, sustaining a volar perilunar dislocation with 
fracture of the navicular. The larger distal navicular 
fragment was displaced anteriorly while the other 
carpal bones and the smaller proximal fragment re- 
mained with the lunate. Reduction was easily ob- 
tained with traction. The position could be main- 
tained in moderate extension. The hand was immo- 
bilized for ten weeks. The navicular showed non- 
union. There was aseptic necrosis of the lunate at 
fourteen months, but at two and one-half years this 
had revascularized. 

In falis on the extended hand either an anterior 
dislocation of the lunate or a retrolunar dislocation 
of the other carpal bones may be produced, depend- 
ing on the degree of extension and direction of force. 
In fallson the flexed hand, there may be an extremely 
rare dorsal dislocation of the lunate or a volar peri- 
lunar dislocation of the carpal bones. These latter 
lesions are uncommon due to the natural tendency 
to extend the hand in a fall. 

The prognosis in perilunar dislocation 1s guarded, 
particularly when associated with fracture of the 
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ular. Aseptic necrosis will occur in $0 per cent 
— Martha Mottram, M.D. 
Packer, James M., Harris, ELMER |, and 
Henperson, Roserr P. Bilateral synostosis 
cf seventh rib and scapula; a case report. 
Radiology, Feb., 1960, 74, 289-290. (Address: 
J. M. Packer, 1190 North State St., Jackson 
2, Miss.) 
The authors report a single case of bilateral, sym- 
, congenital synostosis between the seventh 
rior ribs and the inferior angles of the scapulae. 
This proved to be an isolated skeletal anomaly in a 
vatient who had led an active life with no signifi- 
cont disability except for restriction of all motion of 
tke shoulder and upper extremity involving scapular 
novement. This was the first time the authors had 
sbserved this type of anomaly and they were unable 
te discover in the literature published in the past ten 
cars any article referring to this particular abnor- 
m There are many other commonly encoun- 
tered [ty vpes of rib abnormalities reported such as bifid 
interior, hypoplastic and hyperplastic cervical ribs, 
ind the group of synostoses and pseudoarthroses be- 
tween adjoining ribs.—J. M. McBride, M.D. 
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Brov, M. (Luluabourg, Congo). Syndrome de 
Klippel-Feil chez un enfant Congolais. (The 
Klippel-Feil syndrome i» a Congolese in- 
fant.) F. belge de radiol., Mar., 1960, 43, 221- 
226. 


The authors report a case of a. Klippel-Feil syn- 
lrome in a nine year old Congolese child, who was 
admitted with a diagnosis of Pott's disease. The 
child was of medium height with a moderately pro- 
veurced dorsolumbar kyphosis. There was a cervico- 
lersa] scoliosis with convexity to the left in the 
ower half of the spine, with a reverse curvature in 
‘ke upper half of the cervical spine and decreased 
nobility of the neck. Except for the obvious skeletal 
deformity, there were no abnormalities on physical 

"ination. Laboratory tests were not contribu- 
cry. 

Ihe distinguishing feature in the history was the 
wet that the deformity had not changed in appear- 
ance or degree since birth. This was considered, from 
a clinical point of view, as an argument against the 
Jmenosis of Pott's disease. 

The striking roentgen findings were fusion of the 
atlas and the axis, the butterfly appearance of C3 
and C4 with dehiscence of the central portion of the 
»edies, congenital absence of C^ and C7, hemiverte- 
aof Di with agenesis of the left half and hemiverte- 
xa ef D2 with agenesis of the right half, the butter- 
qv appearance of D3 caused by incomplete fusion 
of the two lateral masses of the body, and a normal 
Da with fusion of the bodies of the first four dorsal 
vertebrae but with adequate delineation of the 
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contour of each individual body being maintained. 
There were no abnormalities from Ds to Di2. There 
was à cuneiform aspect'*of Li and L2, as seen on 
the lateral projection, due to agenesis of the anter or 
halves with fusion of the bodies. There was ro 
abnormality of the vertebrae below this point. 

There was incomplete fusion of the first five right 
ribs. The right eni rib was rather well defined lat 
it was partially fused to the one immediately abo ze. 
The two first left ribs were partially fused. ‘The 
remaining ribs were not remarkable. 

This is the first such case reported from the Corgo 
and apparently is significant to the author becawse 
of the high incidence of Pott's disease in that area 
William H. Shehadi, M.D. 


BLoop anp LYMPH SYSTEM 
PurjragnT, C. B. A. J. Biphasic serial aor o- 
arteriography; (principles, method and 
paratus). J. belge de radiol., Mar., 1960, *5 
261—274. (From: Radiological Department of 

St. Elizabeth Hospital, Tilburg, Holland.) 


m 


A method of adequately and simultaneousy 
visualizing the circulation from the level of rhe 
distal aorta inferiorly to include both lower extren- 
ities is described. Angiograms are taken throughc at 
the arterial and venous phases of the circulatien. 
The necessity of visualizing such a large area lies in 
the fact that the location of pathology may be ax- 
tensive and the rate of circulation in the two lover 
extremities may vary considerably depending upon 
the pathology present in one or the other. 

The basis of this method is two injections made 
into the aorta through the same needle with zn 
interval of approximately one minute. Manual ex- 
posures of the lower extremitv are made after the 
first injection, followed by rapid semi-automatic -x- 
posures of the faster pelvic circulation after the 
second injection. 

This method has a distinct advantage in that 
areas requiring different exposure times do not hire 
to be visualized in one roentgenogram, thus avoid ny 
needless exposure of either the extremities or the 
pelvis. 

The simple apparatus consists essentially of a 
carrier for the two sets of films which is placed be- 
neath the patient and is moveable in order to ure 
some degree of overlapping. Everett G. Davis, Yr., 


ALD. 


GRAUMANN, Warrer. Methodik und Bedeur 
ung der Splenoportog raphie. (Procedure a xi 
importance of splenoportography.) Rönten 
Blätter, Sept., 1960, 73, 257-271. (Address: 
Strahlen: abteilung Augusta-Viktoria-Krar k- 
enhaus, Canovastr. 9,  Berlin-Frieden: u, 
Germany.) 


Liver angiography can be performed in one of 
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three ways: (1) by injecting contrast material 
directly into the hepatic artery, (2) by catheterizing 
three hepatic veins via the in En tor vena cava (coinci- 
dental filling may occur during angiocardiography 
in tricuspid atresia), and (3) by injecting the medium 
into the spleen (splenoportography ). 

Whenever an injection into the spleen is per- 
formed, there is the small but definite risk of rupture 
of the Splenic capsule, which could result in fatal 
hemorrhage. Therefore, splenic puncture should be 
done only in an institution in which facilities for 
immediate splenectomy are available. For the same 
reason it is preferable to puncture the spleen during 
general anesthesia with intubation; under 
breathing, apnea may be induced for the roentgen 
exposures, and shallow respiratory movements dur- 
ing the time when the needle is actually in the spleen 
will minimize the risk of trauma to the splenic cap- 
sule. 

It is farily simple to insert a needle into a large 
spleen but, when the spleen is of the usual size or 
smaller, it may be quite difficult to find the organ and 
to make the injection as close as possible to the 
splenic hilum so as to insure easy flow of the contrast 
material. The author prefers first to execute laparo- 
scopy (peritoneoscopy) under general intubation 
anesthesia and, if he still needs more information, he 
will insert the needle into the spleen under endoscopic 
control. 

After the needle has been placed, itis important to 
sd the pressure, which is done by attaching a 

U-shaped manometer. This necessitates keeping the 
needle in the spleen a few minutes longer than other- 
wise, but this measurement is sufficiently important 
to justify the additional, small risk. Then 30-55 cc. of 
contrast material is injected in 4-5 seconds. The en- 
tire procedure is performed with the patient on a 
roentgenographic table provided, if possible, with a 
seriograph. 

The author uses a triphasic 1,000 ma.transformer 
and a tube-skin distance of 110 cm. with 88-92 kv. 
and 30-40 mas. (0.12-0.16 sec.). For the first ten 
seconds after the injection, one frame is exposed 
every second, then additional views are taken at 20, 
30, and 40 seconds. 

After termination of the procedure, the patient 
should rest for about four hours in the left lateral 
decubitus position. He should be kept under strict 
(preferably hospital) observation for seven days 
thereafter, because delayed hemorrhage is known to 
have occurred. 

The actual puncture of the spleen is performed 
with a 12 cm. needle inserted through the ninth or 
tenth intercostal space, between the anterior and 
midaxillary line. If there is enlargement of the 
spleen, the puncture should be performed below the 
costal margin. When the spleen is smaller than nor- 
mal, the patient may be placed in the prone position. 

The value of splenoportography is to demonstrate 
the existence of portal hypertension, and to help the 


bag- 
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surgeon decide which by-pass intervention has the 
better chance of success. The delay in portal circula- 
tion may be: (a) in the liver itself (cirrhosis, tumor); 
(b) prehepatic (portal or splenic thrombosis, tumors 
or inflammations of the pancreas, enlarged mesen- 
teric lymph nodes); or (c) posthepatic (severe cardiac 
decompensation with right heart stasis). 

In cirrhosis, the large ramifications of the portal 
vein are well filled, but not the smaller ones. In the 
next stage, because of stasis, the splenic vein becomes 
tortuous and collateral circulation then develops 
through the dilated (varicose) esophageal veins. In 
cases of tumors, vessels may be displaced by extrin- 
sic masses or, as in the case of retothel-sarcoma of the 
spleen, newly formed (increased) vascular supply to 
the tumor may become visible—Z. R. N. Grigg, 


M. D. 


Marcozzi, G., Messinerri, S., CoLOMBATI, 
M., and Mocavero, G. La visualizzazione 
del sistema azigos mediante flebografia ver- 
tebrale transomatica. (The visualization of 

the azygos system using trans-somatic ver- 

tebral phlebography.) Ann. ital. di chir., Apr., 

1960, 37, 265-283. (From: Istituto di Clinica 

Chirurgica Genes e Terapia Chirurgica 

della Università, Perugia, Italy.) 


The authors, after reviewing methods for visualiz- 
ing the azygos vein by mediastinal laminagraphy and 
by intraosseous, costal-intraosseous and intraspinous 
vehographic techniques, describe a personal tech- 
nique that they name "trans-somatic vertebral 
phlebography.” 

The patient is placed on the fluoroscopic table in 
the prone position. A radiopaque landmark is placed 
on the spinous process of the first or second lumbar 
vertebra. A special needle designed by the authors 
(not described or illustrated in the text) is then in- 
serted below the left twelfth rib on the external 
margin of the longissimus dorsi muscle. The needle, 
under fluoroscopic control, is directed dorsoventrally 
and to the right toward the midpoint of the left body 
surface of L2. In order to reach the body of Lr, the 
needle has to be directed cephalad also. 

The pancture of Lt is preferable for elective visual- 
ization cf the entire azygos vein. The puncture of L2 
is recommended for also visualizing the spinal and 
intercostal veins, which are tributaries of the azygos 
vein. 

Before puncturing the vertebral body, the exact 
position of the needle tip is determined by a lateral 
roentgerogram taken with the patient in the prone 
position. The needle is then pushed bv gentle screw- 
ing movements into the spongy center of the verte- 
bral body from which blood can be easily aspirated 
and replaced by slight movements of the svringe 
plunger. The position of the needle is checked again 
by posteroanterior and lateral roentgenograms. 
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Art this point, 40 or so cc. of angiombrine (Dagra) 
—which contains 74 per cent iodine and is very fluid 

“4s injected in five or six seconds by a common 
seriege which is connected to the needle by a poly- 
etay ene tube. The best visualization of the azygos 
„an occurs immediately after the end of the injec- 
Ten seconds later the left heart cavities are 
tand at the eleventh second the thoracic aorto- 
zeur can be made. 

The inferior vena cava also is opacified because the 
vedium refluxes into the vertebral and lumbar veins 
waich are below the injected vertebra and from there 
esses into the inferior vena cava. 

The authors applied this technique in studying 
nediastinal tumors, superior caval obstruction and 
verta! hypertension syndromes— Frank L. Campeti, 











I Marreo, G, and Morasrro, A. Rilievi 
asatomo-funzionali sul circolo linfatico nell’ 
arto superiore mediante linfangioadenografia; 
censiderazioni sui fondamenti etiopatogen- 
enci dell'edema indurativo postmastectomia. 
(Anatomicophysiologic study of the lym- 
phatic system of the superior extremity using 
lyanphangioadenography; consideration of 
the fundamental etiopathology of postmas- 
tectomy indurative edema.) dan. ital. di 

May, 1960, 27, 363-383. (From: Isti- 
tuto di Clinica Chirurgica dell'Università, 

Perugia, Italy.) 

The authors, after two years of experience with 
‘ymphoadenoangiography of the superior extremity, 
oresont interesting observations on the morphology 
ard sanction of the lymphatic system of this area. 

The unsettled problem of the hard edema which 
sometimes follows mastectomy associated with the 
-eneval of the axillary lymph nodes is extensively 
discwssed.—-Frank L. Campeti, M. D. 


X Marreo, G., and Morasiro, A. Ricerche 
sull'anatomia funzionale radiologica del sis- 
tena linfatico soprafasciale degli arti in 
ccrso di flebopatie infiammatorie e dina- 
niche. (Radiologic study of the anatomy and 

furction of the suprafascial lymphatic system 

ot the extremities in the course of inflamma- 
tory and dynamic phlebopathies.) Zan. ital. 

di. Chira Apr., 1960, 27, 284-294. (From: 
Istituto di Clinica Chirurgica dell'Univer- 

sita, Perugia, Italy.) 





Tie authors studied the lymphatic system of the 
owen extremities in 30 patients affected by thrombo- 
oklebtis, venous thrombosis and venous varices. 
Ties used the Iymphangioadenographic technique 
accerding to J. B. Kinmoth e al. (Brit. M. F., 1955, 
4, 9:0) and demonstrated in the majority of their 
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cases that morphologic and functional alteration: of 
the lymphatic system are concomitant with the 
venopathies and their functional sequelae. These 1b- 
normalities of the lymphatic system are, according 
to the authors, an important etiologic factor in ssn- 
dromes of vascular insufficiency, generally considered 

be due to primary venous lesions. Frank L. 


Campeti, M. D. 


Lippmann, Heinz L, and Gorpin, Raten R. 
Subcutaneous ossification of the legs in 
chronic venous insufficiency. Radiology, Feb., 
1960, 74, 279-288. (Address: H. I. Lippmaan, 
1710 Newport Ave, New York 61, N.Y.) 


The authors report a series of 6o cases in whch 
subcutaneous ossification of the legs was present. Ín 
all of these patients this ossification occurred as a 
late complication of chronic venous insufficie: ey 
with the typical clinical manifestations of a chronic 
dermatitis and cellulitis, and atrophy of the skin end 
subcutaneous tissue with induration and brown cis- 
coloration being present. The condition was wni- 
lateral in 33 and bilateral in 27, e a total of 37 
legs w hich were evaluated in this study. All paticats 
were females past the menopause, and 57 (95 per 
cent) had obesity, 

The ossification was clearly established to be 
located in the subcutaneous tissues by means of 
roentgenograms using soft tissue techniques, v 
ography and, in some instances, laminagrap tic 
studies. In 6 cases there was pathologic confirmation 
from biopsy specimens obtained during surgical 
treatment for some complication. The roentgeno- 
graphic appearance of the ossifications varied ac- 
cording to the amount and extent of involvement. 
Some showed fine granular densities. Others showed 
delicate oval or cylindrical densities which often 
interlaced and coalesced. Frequently these densit:es 
demonstrated thin rims and lucent centers whch 
sometimes had a fine web-like pattern. Heavy cords 
and sheets which retained central lucent zones and 
trabeculation were also demonstrated in several 
instances. 

The differential diagnosis includes: phleboliths, 
arterial calcifications, myositis ossificans, calcifica- 
tion of infestations, periarticular ossification asso- 
ciated with disease of the spinal cord, various forms 
of calcinosis, calcification within localized areas of 
trauma and necrosis, and Ehlers-Danlos syndrome. 
Careful evaluation of the calcific densities correlated 
with the clinical picture will in most cases lead to the 
proper diagnosis. 

Pathologically, the heterotropic tissue consisted of 
cancellous bone in plates or rings, in the center of 
which were fat cells, No cartilaginous tissue was «n- 
countered and no ossification was found within the 
lumen or wall of the vein. The pathogenesis of tàis 
subcutaneous ossification is being studied but as vet 
no disturbance in systemic calcium and phosphorus 
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Donald N. Dysart, 


metabolism has been found. 


ALD. 


RADIATION THERAPY 


rick, Henry Cray, H, Taviog, Howarp C., 
Jr, Gurrmann, Ruru J., Jacox, HaroLD 
W., and McKetway, WiLLIAM P. A study of 
complications in the surgical and radiation 
therapy of cancer of the cervix. Surg., Gynec. 
© Obst, Oct., 1960, 777, 493-506. (From: 
Departments of Obstetrics, Gynecology, and 
Radiology of the College of Physicians and 
Surgeons, Columbia University; the Obste- 
trical, Gynecological and Radiological Ser- 
vice of the Presbyterian Hospital; and the 
Gynecological and Radiological Service of the 
Francis Delafield Hospital of Columbia- 
Presbyterian Medical Center, New York.) 


The authors review the complications arising from 
surgical and radiation therapy for cancer of the 
cervix in 748 patients who were treated at the 
Presbyterian and Francis Delafield Hospitals during 
the years of 1944 to 1957. Because of certain changes 
which were made in the management of cervical 
cancer in these hospitals in late 1951 and early 1952, 
the series is reported in two periods, 1944 to 1951 and 
1952 to 1957. 

These patients were treated by the following 
methods: (1) external roentgen rays alone, 82 pa- 
tients; (2) intracavitary radium and external roent- 
gen rays, 272 patients; (3) radium needles and ex- 
ternal roentgen rays, 119 patients; (4) intracavitary 
radium, external roentgen rays and lymph node dis- 
section, 56 patients; (5) radical operations, 92 pa- 
tients; (6) radical operations and external roentgen 
rays, 115 patients; and (7) other, 12 patients. The 
injuries produced by these methods of therapy were 
considered in three categories, namely, radiation 
injuries, surgical injuries and those due to a combina- 
tion of both. 

In reviewing these 748 cases, it appeared that there 
had been a greater number of fatalities and severe 
complications in recent years. In the irradiation 
series two main factors seem responsible: (1) the 
introduction of the pelvic lymph node dissection 
after full radiation therapy and (2) the increase in 
dosage of roentgen therapy. The recognition of these 
factors resulted in certain changes in the routine of 
management. 

In the patients in whom extensive operation and 
increased irradiation were combined, these factors 
were, of course, additive. Preoperative irradiation 
made the normal tissue less tolerant to operation, and 
surgical treatment appeared to render tissue more 
vulnerable to large doses of subsequent irradiation. 
As a result of the authors’ experience with operations 
performed after roentgen therapy, postirradiation 
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lymph node dissection has been abandoned in both 
hospitals. 

It has become obvious that treatment with more 
than 4,000 r in addition to radium, as used with their 
technique, is hazardous; externa! irradiation in Stage 
1 and Stage 11 disease has been reduced to a maximum 
of 4,000 r tumor dose in four to six weeks with lead 
shielding in the center of the fields. 

An increase in surgical complications in recent 
years was less apparent; nevertheless, in the earlier 
period, from 1944 to 1951, there were 12 per cent 
major complications with no operative mortality and 
in the latter period 17 per cent major complications 
and 3 operative deaths. It seemed noteworthy that 
all of the deaths occurred in patients in whom age or 
some other constitutional factor had increased the 
risk. It is the authors’ intent to return to a more care- 
ful exclusion of the bad risk cases from surgical 
therapy.——Ra/p& M. Scott, M.D. 


Lepe, Rorerro ENRIQvE. Tratamiento an- 
drogenico del carcinoma de mama y em- 
barazo o lactancia, inoperables, agudos, me- 
tastasis y recidivas. (Treatment with an- 
drogen of acute, inoperable mammary car- 
cinoma asscciated with pregnancy or lacta- 
tion, and of metastasis and relapses.) Prensa 
méd. argent, Mar. 25, 1960, 47, 764-771. 
(Address: Rivadavia 4980, Buenos Aires, 
Argentina.) 


In carcinoma of the breast in the first stage 
(Steinthal's classification), with or without preg- 
nancy, radical mastectomy is recommended, to be 
followed by roentgen therapy. In the second stage, 
however, should pregnancy be present, abortion is 
first performed. In the third stage the pregnancy is 
also interrupted but, instead of surgery, the patient is 
subjected to intensive androgen treatment beginning 
with 100 mg. doses twice daily for five days, then 100 
mg. daily for twenty days, then 250 mg. every ten or 
fifteen days, while roentgen therapy is given. A simi- 
lar regimen also is advised for cases with “inflamma- 
tory” carcinoma, with carcinoma found during the 
postpartum period, and with metastases or relapses. 

In the past four years, the author has seen 56 pa- 
tients with carcinoma of the breast. When first 
examined, 24 were Stage 1; 20, Stage 11; and 12, Stage 
iu. Metastases subsequently were found in 6 of the 
Stage 1 group, in 6 of the Stage 11 group, and in 8 of 
the Stage 11 group; relapses occurred in 2 Stage m 
and 3 Stage ur patients. 

Treatment with androgen, which has its measure 
of inconvenience to the patient (virilization), must be 
carried out to large total doses (up to 8,000 mg.) be- 
fore it will be really etfective. [n some cases, though, 
it permits lengthy, symptom-free survival and conse- 
quently deserves to be given a trial when other pallia- 
tive methods have been unsuccessful.—£E. R. N. 
Grigg, M.D. 
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Umann, Ericu M., and Ovapta, JACQUES. 
Hzh.-energy electrons in the treatment of 
malignant tumors of thé thorax. Radiology, 
Feb, 1960, 74, 265-272. (Address: E. M. 
Uklmann, Tumor Clinic, Michael Reese Hos- 
gal. Chicago 16, Ill.) 





Cf the malignant neoplasms within the thoracic 
cage che primary carcinomas of the esophagus and of 
the bxonchus continue to present the highest death 
rates. Äithough the absolute number of individuals 
whe Fave been successfully treated has increased, the 
five year survival percentage figures have shown little 
impecvement. One of the main problems of radiation 
theraay has been that the tumor dose of ionizing 
radzioa necessary for control of these neoplasms is 
so lame that it often cannot be tolerated by the 
afficted patients. Now, through the modality of high 
energy electrons, large doses of effective ionizing 
radia soa can be applied to deep-seated tumors with a 
relazi7eiy low integral dose to healthy tissue and con- 
seqveat good tolerance by the patient. 

Ig. zhe treatment of carcinoma of the esophagus, 
narmow anterior and posterior fields of varying 
lengtis up to 20 cm. were utilized, and appropriate 
lucice wedge filters were employed when necessary to 
produce a more uniform dose. The energy used de- 
pendel on the anteroposterior diameter of the 
thoracic cage and was usually in excess of 30 mev. 
The cose to the spinal column was kept below 4,500 
r. OF he 16 patients with carcinomz of the esophagus 
so treated, 10 received a minimum of 6,000 t to the 
esophagus, which was considered a satisfactory 
theraveutic dose. Of the 10 patients who received a 
full caurse of therapy, 4 subsequently died, 2 from 
unrel: ted causes after two years and one-half year. 
The » living patients have survived for varying 
perioes ap to nineteen months. There were no serious 
comppacations attributable to the radiation therapy. 
In th: treatment of bronchogenic carcinomas, lucite 
wedzes were also used when necessary to achieve a 
more uniform dose. Of the 22 patients treated for 
carcroma of the bronchus, 17 received a full course 
of taerapy. Of these 17 patients 4 died, with unre- 
lated causes responsible for the death of 2. Of the 13 
surviving, 2 have remained free of symptoms for one 
year, 5 for more than six months, and 6 for less than 
six menthe, 

Ta: preliminary therapeutic results must be inter- 
pretze with the knowledge that rone of these pa- 
tients was operable and that most of them were of 
advarced age and debilitated by their disease. It is 
felt that objective evaluation demonstrates the effec- 
tiveness: of therapy with high energy electrons in 
these advanced cancers. From experience with elec- 
tror therapy in other areas of tumors which were less 
advarced and offered a better prognosis, it is believed 
that he utilization of high energy electrons in the 
treatment of earlier diagnosed carcinomas of the 
esophagus and the bronchus is justified and should 
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result in a considerably higher five year survival rate 
than can be achieved at present with conventional 
methods of radiation therapy and surgery. Walter 
H. Jarvis, Fr., M.D. 


Wooprer, R. G., Bronstein, E. L., and 
Laucuiin, J. S. Exit dosimeter for effective 
patient thickness. Radiology, Veb., 1960, 
74, 273-278. (Address: R. G. Woodley, 444 
E. 68th St., New York 21, N. Y.) 


An adequate radiation treatment plan should give 
the actual dose distribution at important points 
within the patient. Usually the treated area is not of 
homogeneous density and a correction must be zp- 
plied. One practical and versatile method of making 
corrections is by an exit dosimeter, where the exit 
dose from the body or part is measured relative to the 
maximum dose. 

The authors present the design, construction and 
calibration of such an instrument which consists of a 
parallel plate ionization chamber with dag-coated 
polystyrene walls. Exit dose measurements were 
made in 24 patients and the results are presented in 
tabular form. 

In general, the exit dose measurements are most 
valuable when the fields are in the region of air- 
containing lung. Àn example is given in which a con- 
ventional treatment plan would have underestimated 
the actual tissue dose by 25 per cent.— Edzergd B. 


Best, M.D. 





RADIOISOTOPES 


Werner, S. C., Row, V. V., and RADICHEVICH, 
|. Nontoxic nodular goiter with formation 
and release of a compound with the chroma- 
tographic mobility characteristics of triio- 
dothyronine. T. Clin. Endocrinol. € Meiabol., 
Oct., 1960, 20, 1373-1383. (From: Depart- 
ment of Medicine and Biochemistry, Colum- 
bia University College of Physicians and 
Surgeons, and the Presbyterian Hospital in 


New York, New York.) 


Isolated instances have been reported in which 
l-triiodothyronine has been identified as the major 
P* labeled iodinated compound in the serum by 
paper chromatography. The authors report an addi- 
tional case, that of a fourteen vear old girl with a non- 
toxic goiter of two years' duration. 

The history was negative except for a small goiter 
which had appeared two years before and had en- 
larged slowly. Administration of Lthvrox 
l-triiodothyronine had apparently arrested the 
further growth of the goiter. On physical examination 
the left lobe and isthmus seemed enlarged and the 
isthmus was cystic to palpation. A bruit was audible 
in the right supraclavicular area. Initially, while the 
patient was taking thyroxine, the twenty-four hour 
T8t uptake was 2 per cent and the serum protein 
iodine was 2.4 ugm. per 100 ml.; butanol-extractable 
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iodine (BET. was 1.6 ugm. per too ml. Three weeks 
after discontinuation of oral T, therapy, twenty-four 
hour thyroidal I?! uptake was 22 per cent and a scan 
showed the activity to be spread diffusely over a right 
lobe of normal size and over the superior pole of the 
enlarged left lobe. 

Thyroidectomy was performed and the enlarged 
left lobe was removed. A pathologic diagnosis of non- 
toxic nodular goiter was returned. Three months 
postoperatively the patient was euthyroid and the 
serum protein bound iodine level was 4.0 ugm. per 
100 ml. 

Chromatozraphically, approximately 9o per cent 
of tracer I activity in venous and arterial blood was 
present in the iodothyronine fraction, with the T; 
area exceeding that of the T, area in all samples, 
although T, accounted for about 30 to 40 per cent of 
the total distribution. The nodular gland tissue, on 
the other hand, exhibited almost all of its radioactiv- 
ity in the T; area, with no Ty. Of the remaining radio- 
activity 15 per cent was present as MIT and DIT, 
constituting a reversal of the normal thyronine:thy- 
rosine ratio, which is of the order of 1:8 in the eu- 
thyroid gland. In two dimensional chromatograms of 
the digested nodular tissue the compound termed by 
the authors T5 migrated as did the stable 1-3-5-3- T4 
which was used as a standard. Its migration was 
separate from all other compounds. 

Preoperatively, and when receiving no medication, 
the patient had a protein bound iodine level of 4.7 
ugm. per too ml., of which approximately 2.3 ugm. 
per 100 ml. was present as T3. Since l.triiodothvro- 
nine has been estimated in man to have roughly 45 
times the activity of Ts, the authors estimate that a 
thyroxine level equivalent to 9 to 11 ugm. per 100 ml. 
might have been present. Since the patient was not 
hyperthyroid and the thyroid was not turning over 
radioiodine unduly rapidly, it was suspected that the 
compound identified chromatographically as Ts 
might not be the naturally occurring form, 1-3-5-3/, 
but an analogue, such as the d-form, the reverse form 
(1-3-3/-5/), diiodothyronine (T?) or a conjugate. It is 
suggested that these compounds could not be dis- 
tinguished from I-T; by the usual chromatographic 
procedures. 

Further chromatographic analysis served to elimi- 
nate all of these possibilities except the d-form of Ts, 
a phenomenon not heretofore described in humans. 
No definite explanation for the d-form of T4 can be ar- 
rived at except for the possibility that there was a 
localized. derangement of thyroid function which 
resulted in the production of d.amino acids. 


Frederick J. Bonte, M.D. 


Apams, R., Srgcur, N., and Woopwanp, f. 
Labeling of erythrocytes in vitro with radio- 
iodine-tagged l-trirodothyronine as an index 
of thvroid function: an improved hematocrit 
correction. J. Clin. Endocrinol. £8. Metabol., 
Oct., 1960, 20, 1366-1372. (From: Depart- 
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ments of Radiology and Internal Medicine, 
College of Medical Evangelists, Los Angeles, 
California.) 


As a test of thyroid function the 77 vitro labeling of 
erythrocytes with P! tagged l.triiodothyronine is 
gaining widespread attention. Because it can be used 
as a radioiodine test in children and voung adults and 
in pregnant females without the necessity of admin- 
istering the tracer isotope to the patient, this test is 
now being examined critically in many laboratories. 
Recently, a number of suggestions for improvement 
in technique and calculation have been made includ- 
ing the one by the present authors. They point out 
that the quantity of radioiodinated T; is proportional 
to the product of the reactants, conforming to the law 
of mass action, with the reactants being the red blood 
cell mass and the concentration of labeled T; in the 
surrounding plasma. 

The authors adduce evidence to show that labeled 
Ts taken up by the red blood cells appears to be 
approximately proportional to the product of the red 
blood cell mass and the concentration of I?! l.triiodo- 
thyronine remaining in the plasma at the end of incu- 
bation. It is further pointed out that, in the original 
method of Hamolsky, correction is made for variation 
with the hematocrit of the red blood cell mass but not 
for the level o? Ltriiodothyronine concentration as 
influenced by the hematocrit and the transfer of 
labeled T; from the plasma to the cells during label- 
ing. It has been shown that the red blood cell uptake 
as calculated by Hamolsky's method might appear to 
be in*the hypothyroid range because of a low hemato- 
crit, or in the hyperthyroid range in cases of poly- 
cythemia. The authors point out that inconsistent 
results obtained by investigators other than the 
original team resulted in samples with high or low 
hematocrits. 

Accordingly, the authors propose calculation of 
results by a method independent of the hematocrit 
over any reasonable clinical range. The following 
equation is usec to calculate the binding coefficient, 
K: 

NX/A4(3—H) 
HG N/A) 


where X is the quantity of labeled T; bound by the 
cells during incubation, Z is the total labeled l.tri- 
iodothyronine added to the blood sample, and H is 
the hematocrit. 

From their experience thus far, the authors suggest 
the following ranges for K: euthyroid, o.10-0.18; 
hypothyroid, 0.06-0.10; and hyperthyroid, o.1$- 
2:35. 

It is further suggested that for reproducible re- 
sults, all details of labeling and washing should be 
standardized within a laboratory and that the fewest 
washings should be employed consistent with ade- 
quate removal of plasma, with about three washes 
appearing to be the optimal procedure. 
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Tt is concluded that, because of its relative inde- 
peac esce of the hematocrit, the binding coefficient, 
K‚1 amore reliable index of thyroid function than is 
the sercentage red blood cell uptake per 100 hemato- 
crit zommonly employed in this test. The suggestion 
em bodied in this paper is well worth considering.— 


Frick Y. Bonte, M.D. 





Crane, C. W., and NEUBERGER, A. Absorption 
iad elimination of PN after administration 
x isotopically labelled yeast protein and 
veast protein hydrolysate to adult patients 
v th coeliac disease; I. Rate of absorption of 
IN yeast protein and yeast protein hydroly- 
sete. Brit. M. J., Sept., 1960, 2, 815-823. 
address: C. W. Crane, Department of Medi- 
eine, Queen Elizabeth Hospital, Birmingham 
z, England.) 


“Fis article records the findings of the rates of 
abso-prion after feeding whole veast protein and 
hycrolysate labeled with the stable iostope N», The 
authors have presumed that metabolism. proceeds 
aloag the same pathways and at the same rate as in 
normal subjects once the nitrogen is absorbed into 
the boda’. 

Lear patients suffering from adult celiac disease 
were studied with one normal adult as a control. The 
yeast protein and yeast protein hydrolysate labeled 
wita the stable isotope were administered to the pa- 
tiert and urine was collected at half hour intervals. 
The sorope content of the ammonia and urea in the 
urine and, in a few experiments, that of the urea and 
amano acids of the venous plasma was measured. 

‘The appearance of the isotope in the various frac- 
tors mentioned was considerably delayed as com- 
parse to normal subjects. In the case of the whole 
proce n, the maximum amount of the isotope was 
prezeat two to two and one-half hours after the inges- 
tor «f the labeled material, whereas in the normal 
sub-ects the maximum was observed at about fifty 
mies. With the protein hydrolysate, deviations 
from 367 mal were more valuable than with the whole 
proven and, on the whole, were less marked. 

The various factors repsonsible for this delay in 
n are considered. The possibility that hypo- 
mon] ty of the small intestine may be partially 
respoasible has not been excluded. The authors con- 
cluce however, that the rate of absorption of peptids 
and amino acids is reduced in adult celiac disease by a 
reducción in the effective absorotive surfaces 
Ralp? M. Scott, M.D. 














Srevenson, J. J. Localization of radio-active 
imolants with image intensification and tele- 
vie oa. Proc. Roy. Soc. Med., Aug., 1960, 53, 
63.545. (From: Royal Marsden Hospital 
and rhe Institute of Urology, London, Eng- 
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zuthor describes the modifications of the 


612" 


equipment used for the localization of radiocetive 
implants of the pituitary gland at his institutior over 
the last five years, during which time more thar 200 
patients were so treated. 

Initially the localization of the introducing reedle 
and the subsequent implantation were done by means 
of fluoroscopy in two planes. Because of the dis- 
advantages inherent in this method, image irtensi- 
fication began to be used. Here the detail was satis- 
factory but surgeons had difficulty in ad:pting 
themselves to the use of the viewing attachme tts. 

The problem was solved by the use of an industrial 
television chain in conjunction with the image ampli- 
fier. The camera is smaller and lighter thao the 
reflecting viewer which it replaces. Detail cn the 
television screen in the frontal and sagittal pl: mes is 
described as being adequate, but not quite as good as 
with the optical device. The current in the roeatgen- 
ray tube has to be approximately double. Inasmuch 
as the monitor is placed some distance away from the 
patient, there is no significant increase in dose to the 
observers. 

The author states that he has found no maj wr dis- 
advantages in its use and the operating time has been 
speeded up considerably.— Ralph M. Scott, M.. 


MISCELLANEOUS 


Hopara, Morris, FRIEDMAN, MirroN. and 
Hine, Geraro J. Radiation dosimetry with 
fluorods (miniature glass rod dosimetry). 
Radiology, Nov., 1959, 73, 693-706. (Address: 
M. Hodara, Radiation Therapy Department, 
Hospital for Joint Diseases, New York 35, 
N. Y) 

The authors discuss a method of dosimetry utiliz- 
ing a miniature radiation-sensitive glass rod. This t 
mm. X6 mm. glass rod consists of silver-activated 
phosphate glass. Following irradiation, some of the 
silver ions are converted to silver atoms by cay turing 
electrons ejected from the glass by the ionizing radia- 
tion, The rods are then irradiated by ultraviolez light, 
which produces an orange fluorescence from th. silver 
atoms. The number of silver tons converted inte atoms 
can therefore be used as a measure of dose when the 
fluorod is placed in an ultraviolet fluorimeter, the 
design of which is described in some detail. 

The small dimensions and chemical inertness of the 
fluorod make it an ideal dosimeter. Some of the 
characteristic properties of the fluorod dosimeter 
that have been noted include linearity of response 
with dose, temperature independence, directionality 
independence, and a slow fading of fluorescenc> Heat 
treatment for approximately five hours at «oo? C. 
will reduce the dose effect to background level so 
that the fluorod may be used again. Due to energy 
dependence, fluorods should be used only for energies 
higher than 400 kv. peak roentgen rays. F uorods 
should not be used with very large fields. Waen the 
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field size is increased bevond 150 sq. cm., the contri- 
bution of scattered radiation increases the readings 
more rapidly due to enhanced sensitivity of the 
fluorods to the lower energy scattered radiations. 
'The dosimetric properties of the fluorod were 
found to be ideal for ín vivo dosimeters, When fluorod 
measurements were compared with ionization cham- 
ber measurements of central axis depth dose, en- 
trance and exit dose, tangential beam dose, and 
rotational therapy, good agreement was found be. 
tween the two methods. The potential usefulness of 
the miniature fluorod in clinical radiation therapy at 
the supervoltage level appears unlimited. =- Yohn S. 


Alexander, M.D. 


Troer, J. B, and Bieker, W. H. Malignant 
disease of the extremities treated by exarticu- 
lation; analvsis of two hundred and sixtv- 
four consecutive cases with survival rates. 
F. Bone & Joint Surg., Sept., 1960, 42-A, 
1041-1050. (From: Section of Othopaedic 
Surgery, Mayo Clinic and Mayo Foundation, 
Rochester, Minn.) 


The survival rates in 264 cases of exarticulation for 
malignant disease are summarized; there was only t 
hospital death. 

Five years after surgery, 41.5 per cent of traced 
patients with hindquarter amputation and 39.6 per 
cent of traced patients with hip joint disarticulation 
were living. In some cases amputation was dgne to 
relieve intractable pain or a fungating lesion, 

Five years after surgery 40.6 per cent of traced 
patients with forequarter amputation and 19.2 per 
cent of 25 traced patients with shoulder joint disar- 
ticulation were living. Forequarter amputation has 
superseded shoulder joint disarticulation in soft 
tissue tumors of the upper extremity. 

The common course of soft tissue fibrosarcoma and 
liposarcoma was successive recurrences at the ampu- 
tation site with eventual metastases. l'ibromvosar- 
coma has the best prognosis of the soft tissue tumors 
with 6 of 10 traced patients surviving five years. 
Chondrosarcoma gave the best prognosis of the bone 
tumors, while that of osteogenic sarcoma was poor. 
Eleven of 68 traced patients with osteogenic sarcoma 
survived more than five vears; 21 of 53 traced pa- 
tients with chondrosarcoma survived more than five 
years. 

Early radical operation gave gratifving results but 
hindquarter amputation had a poorer prognosis when 
it followed unsuccessful attempted local resection of 
bone tumor than when it was done as a primary pro- 
cedure. The prognosis also was poor when symptoms 
were present more than three months, when there 
was surgical intervention without immediate defini- 
tive treatment, in cases of extensive local progression 
and tumors of borderline . operability.—MartAa 
Mottram, M.D. 
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